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AND ITS MANUFACTURING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To achieve weight reduction 
of a device, especially weight reduction of movable part 
or a fixing part and increase of displacement and high 
speed operation (high resonance frequency) of the 
movable part, and improve handling performance of the 
device and attaching property of components to the 
movable parts or fixing property of the device. 

SOLUTION: In this piezoelecthc/electrostrictive device 
10, a pair of thin plates 12a and 12b which face each 
other, and the fixing part 14 for retaining the thin 
plates 12a and 12b are installed. 
Piezoelecthc/electrostrictive elements 18a and 18b are 
arranged on the thin plates 12a and 12b, respectively. 
The movable parts 20a and 20b have end surfaces 34a 
and 34b which face each other, and the distance Lc 
between the end surfaces 34a and 34b is made greater 
than the length Df of the movable parts 20a and 20b. 
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\zft^mnn;tibMz-z>fz&. *is-rs»&^tt, /& 

Ac. u^l(Dili;i^Et/tIf/H x l o t 
tt. Et/tMS^l 8 aStf 1 8 b«fflV^^t(:± 
oT> 7*^iX — ^881 9 a&tf 1 9 b<Digi*7j£± 
tfTfc, £*ftf;:W&tfl 2 aiffl 2 b<D*I (Y(fc# 

[0 0 5 8] JESXII^i^^ 18a &tf 18b (7)ffi(^^J 
tlTH mZ-\tm2lZ7ik-T&5\Z* El/1112 2 

zsmmmtL, -^si24$ii@o±i<!:3i 

ffi^om@2 6$2l@0±St4Jg(0±Ii:fi 

^0 [0 0 5 9] ^fc> 3 \Z^T^o\Z. E1/1II2 
2*RIi;< 5JB«iStL, -^Ii24$:lll0± 
Bi3il^)±Bi:5ll©±BCfl:lf5ct5i:fi 
tffc^l&U ffi^C0SM2 6 ^ llgcoTffi^ 2IIW 

±ii4i@ o±s(c{iM~r ^ «fc o \z®mmzmtfL~tz> 

[0 0 6 0] — *f<£3H2 4S:t/2 6 ^COSJEcD 

9j»d«, sMEo&n/nwm 2 2±\zm&2 ntz&n 

12 4&tf 2 6(0^gB (elT, m=FU2 4 6 a 

50 2 4 a^^2 6 a S SKKUSIW IT 
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[0061] tmcD&n/mmm^ i 8 a a « i 8 b re 

1 2 aStfl 2 bt&«Kfc»J«£ttfcJBE*/«S 
Ji 2 2©-iII:ii©-»(Oil2 4St/2 6 £«dE 

^^SSPl 2 afttf 1 2 b©«H*C»JESSn"fcBE«/« 
MS 2 2 tC®S<Z>— 2*£>^1I 2 4^2 6 T i0 

[0 0 6 2] S4JC^T«iii<OS^tt, tN»m^^fi:< 

[0 0 6 3] AffcWKtt, H4«C«-TEE«/«S* : fl 
8 a 18bH JEH/®^J1 2 2 ©— ^® fcttSSM* 

mm 2 4 &tf te^aa 2 6 ^i^i^c-^^ioora a? 

Ml 3 2 *fcT>TffiSK:#fflT**ia*#-rs. I4"C 
te, -»(Z)«fi 2 4Stf 2 6 *Et/tII 2 2 O-i 

1 2 b tj±n/mmm2 2 t<Dmtz~#<Dn&2 4^ 

2 6 *»J«^*.fc'3K:t/Tfc<kV>U jE^^SM^2 2 
*>-±fflifc lc*«« 1 2 a & 1 2 b iJE® 

2 2 <L<Dm\z^n j enwm<D—%i<?)nn2 4^2 6 £ 

[0 0 6 4] —Jj, m 5 tC^fffm/m^^ 18aR 

[0 0 6 5] d.(Ocfc'5«:ia4 2fe^H5^*"rck'5a:£E« 
/•S*^ 1 8 aRtf i 8 b fc*^Jfi<&»»K:«£JE« 
/•Sr/WX 1 OfcfffcfcJH^SClfcaiT?**,, B4 
S^i5 fcTK-rffiS/®^?^ 18aRtfl8b(?)J:^ 
tc, »ao-^lffi2 4Stf2 6*fV^i^|i, & 

m@2 4&tf 2 6oit©t:yfD*/hs<nct 

[0 0 6 6] fit, pTi[iSg2 0 aM2 0 bOI^f: 
^t^SI3 4 aR!X3 4 bH«L c fcL pJUjSf 
2 0 a&tf 2 0 b(D&2 dE«t tt»JftfiB 2 o'aft£X2 
0 b<BZ«;frfnJ<BftS) DfEUnhStU ^n^gl3 
4 aRtf 3 4 bIBtfisjAtfH 1 iCS-r«fc-5lC, £K 
» 3 6 S^SE^-er^ct^tUTfeck^L, S6&tfS 
7 fc^-TiB l Rtfig 2 ©«»Wi:«*E*/*iT/H 
X10aR^10b(Dcj:e»t:, dtl^S® 3 4 a&£/3 

4 b<oiBtcRr»«2 o a&tf2 o boftAtttt&nctt 50 
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i^f:bTfeJ:K <l<Z)i§£\ &pJKj3$2 0 aSC/2 0 
b<02Wc5*i*rr5S8H3 4 a&tf 3 4b«MI3 4 
a.Rtf3 4b<hLXliEt^c:ci:^c 
[0 0 6 7] M 6 td^-T* 1 £>gJg«fc:«Sffi«/«M 
r/H X 1 0 a TfcL 3 4a R 34b fflaiEfll 

L c ^ "SJSioS 2 0 ajfctf 2 0 b(Ofi jb f <Df&) 1 . 5« 
KKSU frz>* ®ftI3 4 a&#3 4 blBKHWHpn 
SSR UK*© 3 OCX^-Stltr 3 7 A, 3 7BR^ 
3 7C*frffi3i*fc»^£7F-r. 

[0 0 6 8] ^7 tC^Tffl 2 fl5**«K:«SflE«/«2 
r/H7 1 0 bm BtftS3 4 a&tf 3 4 blROEM 
Lc*Rl!!ia2 0aStf2 0b©4$DfW»l. 5 fS 

kk^u fr-D. i:?©*#fc;*^-i*s»3 7*»* 

893 8 ^LTMI3 4 aM3 4 b IBKSfrS lirfc 

[0069] jek, m?iiif£2<Dmmm\zmz>mn/m 

IrAWX 1 0 bKSHTtt, 0i]^t^^8 (Ctk-TJ;^ 
3 4b ^TOSggiL aStfLb«S*l/<n:t# 

[0 0 7 0] £n&»lfttf»2©*#Hfc«*ffi«/ 
llf/HXlOaWlObTH 3 0<7)X^-1^ai 
H37A-37C (H6#JB» MCXK*^— 1*S8»3 7 

(B7M) 14, eKl*ft<0»tt$SL, SfiU® » 
«gK 1 2 a&tf 1 2 b(D^W]U2 0 a&tf2 0 b \Zttfa 
■«■*■) tf>®8tte> *K8B1 2 a&tfl 2 b<Z>pJift«2 

0 aR#2 0 blC43W-£>*ft®3 4 aStf3 4 b<£>®« 

[0071] m&\*m2<D$mm\z%*E.f&/ 

tlr/HX l o b(0»ffi:^^TR«f5, £"f, 09 
Atf2o©-JBE«/»S* : ?l 8 ajtfl'8 b^SitSK 
ft. BP*, JES/SM^^l 8 a&tf 1 8 b 

IItAWX 1 0 b<D*tt (B£ttl 4 m<h 

[0 0 7 2] C^W^b, «AtfH"9 A©jft»HIC« 
TJ:^^, -^Off^/tS*? 1 8 ai:*»5-#o 
®@2 4S^2 6 iCftWAM V b 5* 

>f>ifcWa*^W\ S 9 B KtjtT J: 5 IC, ffi^cDES/ 
tiff 1 8 b^^-»0ii2 4Stf2 61CIWI2 
W>gWa<!:lillSl 8 0° ffiffiCDS&SIM >&W 
b^^Ht^o 

[0 0 7 3] fLT, -J^ffif/IlSfl 8 ai:i£> 

w«-»©«i2 4s«2 6 \z^vxm^im±m<Dm 

1 8 a Kli3tt*]Ett/«SJl 2 2 }£*<D3m-fifiHZ&tS 

2rCDil|1£a$l 2ai:SU 559iAl:St<fc5l:, K*«E 
ffil 2 a*«Atf**rtlC:8l****rti©jS»*»*-r 
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c ^(Dmm/mmm^i 8 b«c^ws— 

feSfcft, ffi;*ftf)i*t£SS 1 2 b 12 a© 
»*»caiaUT**lfllfcJJItr. ^©ftS* pJlftgg 2 0 a 

s^2 o b3itxn^t-*»tt3 7 ms/aai^A 

-fXlO b©«l*mK:»UT«Atf**rtJJr*fir-r-&. 

aefi:*tt, &Em/nmm^i s as^i 8 bic 

[0 0 7 4] «Mc, JES/SM/I2 2<Dm&ttm£l> 
Ktt. B 9 ARtf B 9 B i 5 

^^ffi^cDJES/SM^^l 8 b) ©iMJjtC^oT, #J 
Atfffi^cDSfiJB 1 2 b tC— 1 2 a ODffi** 
PliRD^fSlCOlS^^^L, pISigE2 0 aW2 0 b 
MtffcXt-" tl"Stt3 7 0tRI^J:D±^<t^Ct 20 

HlJn^tlT^SBEm/SM^ 1 8 bXlil 8 a#, * 
8 b h £T£ £ ^5««fc»fcH:-5 d 

[0075] ^o^^tc. &mm<Dmm\zmz>mm/m 

1 8 b <&a/h&Xftfl*5*«{8 1 2 a Jktf 1 2 b cd«*£ 

mmLx^^^&mmzm^tix. *imM2 o as ^ 

[0 0 7 6] 3LO^ifi<Z)»J6Ttt, Pl»g(5 2 0 a 

2 0 btdSt^**HSjT*ffi#® 3 4 aW3 4 b £ 

'l3 4aRtf3 4b0B^a»3 6l:Lfc^ MBBS^ 
tcj#|6l*rsffif+® 3 4 aSt/3 4 bora^BT»IS2 0 a 
RZfi2 0 b<D*j««ttck0 fefi^ffittS^ffiSiirSCi: 
T\ njgj^2 0 aW2 0 b<06affcS:*rS6^H^Cl«?: 40 
&T'£. nll&aR 2 0 a5tf2 0 b^fil$iT$t-5 

[0 0 7 7] ::t, Mttft£tt. -»(^)I12 4W 

2 6 ^HlJp-r*«JES32#Wt«D»AT, pJ»Jn$2 0 
a^{/2 0 b &tt\Z&{<L21i:fz£.g<Dnf£&m<Dm& 
ft**U *SH«Rtlt *Jft«2 0 aXtf2 0 b<0 

[0078] ^tc, zLvmmvmmizmz&m/nmT 

AWXlOttum Plg?gg2 0 aRtf2 0 b, 50 
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SB 1 2 aStfl 2 baetf£Bj£8B 1 4^— fc{fc£ftT:fc 

[0 0 7 9] 35 fc. ^©SISfiO»|gt*3^Ttt, 
*f[S]-f £^#®3 4 a&tf 3 4.b<DM*£«3 6 ibfc 
-^(DSM3 4 a£^frpJ»3E2 0 a ffi^ 
GD3£tt®3 4 b£^fr*JftgB2 0 h£&m& J $>T<tl 

0 <D/\> H U >tf&\Z&tlZ> Z. tt^o 
[0 0 8 0] SatfiS VMw^fSj-r^^ft S3 4 a&. 

tf3 4 bco^ffitCctD, «T»jgB2 0 aM2 0 bOgl 
fiEoT, pJS!j^2 0 a5^2 0 bfzffi 

#*£<h, »SH oJ»g62 0 aM2 0bW±I (ffi 

3 4aS^3 4b^Ii;tgf^n^^i:[:^D, gBS 

[0 0 8 1] *fc, CO*«(0»l6t*^Ttt, JES/ 
llff 1 8 a ft 18b^ JES/m^Ji 22i, ^ 

j±m/mmm 2 2 oHfliiMsn&-»a)tfi 2 4s 

^2 6(!:$f LtMU -^112 4Rt/2 6 03 
-*0«S2 4S'>6< tfeSfSS 1 2 aStf 1 2 

b(7)iK9M{ias^^T^^3 tcL^tcoT, j£m/mmm 

fl 8 a^l 8 blwJ:£fift&jSlgg5l 2 aMl 2 
b£ffli;T&*<fc< pjftffi2 0 a^2 0 b Kfejif £ 

[0 0 8 2] $fc, CKDHlK<DJgJBfCi5^T«, 
@ 1 ^^"Tcfc^tC, -»^tl2 4fttf 2 6#ffi*/« 
Ii2 2 6IBI:ft/l;Tl&5«» (*SMIgifta5^4 
0) SBSffll 4©-ttj&^*«ail 2 aS«l 2bW 

SKfta»4 0 SJEK:»J»ffi2 0 a ft 2 0 b SBtc^ 
WTMLfci&, Pli6»2 0 aW2.0 b<7)^ftlfif£ 
^Sftg*SWS16«B»4 O^ftifiSl 2aWl 
2bOgjg^«SU ^f^e^f^Ci^^: 

W*»«»4 0^pJgjgB2 0 a^2 0 b<h@^gBl 4 
<Dm^\Zfrtti£^&o\ZW&\sT\i^Z>tilsb. BJi*SB2 0 
aSCX2 0 bO^fiftf^^ME^nsiil^^SS^lHl 
jg$n, ojgjgE2 0 a&(/2 0 b(D^iuM^^:^<*r-5 

[0 0 8 3] 2!tC, pjgj35 2 0 aS:D^2 0 bO— ffitffi 

m/mmm^ 1 8 a i 8 b *»j«T*«^rtt, ffite 

SW«B»S» 4 0 3^ rTHS 20aW20b co-gg^ 
-&»Effl 1 2 aSi^l 2 b<D— Stcan}T-ffiB£-&*«fc 
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±M!L^:J:^(C, pJlgf 2 0 a 0 b^tfeM ^ 

[0 0 8 4] ±JJ(7)Mtf«, 2 0 a&tf 2 ObC 

IfcftiB 3 4 a&tf3 4 b*KfrtfcW*7SUfc^, 
ffi, mi 1 fcST*3 0«»«K:««JE«/«S'7 f /K>f 
71 OccOi^C, S^SU 1 4(CS® 3 4 aW3 4 b 

1 2 aMl 2 b©*«sffl»tK^6nSpIft«8 2 10 

1 4{cSVWC»ffil-rs»® 3 4aW3 4 b^tt^tl 

[0 0 8 5] cniliO, itui$Ufc"JeiS&2 0 a&tf 2 

0 b \ZKWZttfaTZWttW 3 4 aW3 4 b 
*^<03ft*K:fin;^ d^3C0^^{C«-5EES/mH 
fyux 1 0 c tJ5fft<OH3£«»fc:ttHk:H3e-r*ct 
^fttftD, «*tt<oft±SB* if 

ftffiftffl^ 4 0 WfiSH 1 2 a £tf 1 2 b <0fi 

[0 0 8 6] Jfclc* ^JfiO^tfiRSflEM/ms^A 
[0 0 8 7] ST. pfli^2 0 a&tf 2 0 b O^ftgjfE 

1 8 b <BH««SK»ffi# 4 0 d^H^ffi 1 4 fe L < fcfc *JSj 
S&2 0 a&tf 2 0 bfC^SEI«Dg**ffi«l 2aS 

1 2 b^Dd(?) l/2«±<k-r«C<fca*#*L 

[0 0 8 8] ^lt> iHISSBl 2 aMl 2 b <E>f*Ji£Fe1 30 
CDffigi (X«*|pJ<OE«i) D a <ht^Sc$ 12a JkZf 1 2 
bco*S (Y«fi*^j<7)jEg|) DbiWltDa/Db^O. 
5-2 0 £&5cfc-3lc«fj£*r S° ffli2tfcDa/Dbtt, 
^K«l-1 5ch$n, IC^L<ttl-l Ot 
£*l<5 0 COtkDa/Dboaigtllt pIft?S2 0aS: 
Z$2 0 bC0^^S^:^C^< X - Z ¥®F*JTf<£>^&£: 

[0 0 8 9] -Jj< fffitt 1 2 a&tf 1 2 b<D*£ (Z 
tt^T|6]<OEK) D e chS^gP 1 2 a 1 2 b (Drtfgra 
<om&D a iCOitD e /D a fcfiHTtt, $?£U<te 40 
0. 5- 1 0 tSn, SCff^K 140. 5-5<h"T^ 
^(h^ISLK :(DttDe/Da©ja]|ttH 7^- 
(37A-37C^37) d^ftS tlfc 2 
0aa^2 0b^tei^t<tt, j&o, Kt^fi 

[0090] Hot, ^<DMM<nffim\zmz>j£n/nw 
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0, 5— 20£U ItDe/Da^O. 5 — 10 

\zT*Z£tfft3iL<. 3Et»*U<ttikDa/Db* 
l^lOtU tfcDe/Da^O. 

[ o o 9 1 1 sk, e^ase 2 <D%Ei&mizmz>&m/n 

Ir/H7 10bl:*^m -^co^SSS 1 2 a&tf 
1 2 bOSftit<h*I»jgB2 0 a&t*2 0 b<DfomtX^ 
— S-ffl*t3 7 (Dftm CRZft&&?a 3 8 <OrtS) £S^S8 

1 4<DftM<hl;:J; D7LS5 4 2 3W»riEan* d £ JC&S 

coJL«4 2i:yj^m 9ljL*iW3>V)\, 

■pT. bJKj£&2 0 a&tf 2 0 b O^&Kjff ^fRK^S 
^uchC^^)^. dC0^2co^^^JT^ oJSjSB2 0a 
2 0 b-\coS® 3 4 a&tf 3 4 b0Ml:ff^gi 
rt^nJIfrSB2 0 aW2 0 b<0&tiLm<Z>m±fc&mZ>£ 
o\zVT ^Zfztb. ffi!25fc*#KJ:5pJ»«2 0 a&tf 

2 0 b(OSfi»fp<7)»JIS^fl"^^Sn, ^««C0#^IC 

[0 0 9 2] Sfc, «JSbg52 0 a&tf2 0 b<D&2 (Z 
tt^fSl^EgS) DfH JH^Ct3W»*LVi. @<-T£ 

T#S„ L^L^^e, "SJS!ilK2 0 aStf 2 0 bOXtt 
Kite, 1 2 aStfl 2 b(7)iP^D d h<nt£D f / 

[0 0 9 3] &*5 % «-8R<B||^ffifcL pj®jgg2 0 aSy 
2 0 b^OSfi©80#(t©fcft©8§B* @£35l 

ft. fit, Kft«JE^«r#«UT^«>e>n5Ci:fC& 

So 

[0 0 9 4] ^frW*Ctt v ^JA.«»«ggl 2 aWl 2 
bOrtSF^OD^giD a«> 10 0 ^m— 2 0 0 0 umtf 
»SL<, Il:ffSL<B2 0 0 /im-1 6 0 0 MmT 

1 2 aSXJCl 2 b<7>6D btt, 5 
2 0 0 0tfm#SfSL<, ICff^Klil 0 0 //m- 
5 0 0 /imT*So ^SSS 1 2 a&tf 1 2 bOiP^Dd 

ejTfrS«t-5tC, ^ffigC 1 2 aS^l 2 bO«liD b <hcD 
igC^^TDb>Ddt$n, do, 2/im-10 0 
/im^^f^L<, IWJl<^10/im-8 0/!mT 

[0 0 9 5] SS81 2 aStf 1 2 biDRSDeB, 2 
OOum- 3 0 0 0 /im^^K, 5S^jf?SL<tt3 
0 0 Mm— 2 0 0 0 umtfe^ oJgjgg 2 0 a RZf 2 0 
bco^^D f tt, 5 0 /x m— 2 0 0 0 //m^xK, 
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Mlr?FSL< tt 1 0 0 /xm- 1 0 0 0 jumT&O. £ 0 
£?£L<te2 0 0 Mm— 6 0 0 p.mT*$>Z> 0 
[0 0 9 6] Z(D£ote.m$ilz-TZ>ct\z<S:D. xmfi 
fi^#K#LTYtt;frfa<E>^&# 1 0%£jgA&U 

SO, Pitta 2 0 a&tf2 0 b tt, H«WJwX«i^ffilt 

Rtf2 0btH£»14^IJMtt (^{fr^faKS 

a&tf 2 0 b chS^gg 1 4 <D«ffi#iI8!rr£«fc 3 IZ— # 
OSffigB 1 2 a&Zfl 2 b&mi*>tlT^Z>tztb* JEM 
/IIr/U7 1 0<OYtt^[fi]OHiJtt*a«WJwSS<-r 

[0 0 9 8] IP -6, dc^EES/S^A'-fX 1 

(XZ¥I(^|) I;:4d#£«JI*£B2 0 aRZS2 0 b 

0a^^2 0bcoYZI^gjf^ a>fo«>*«D2f|6]<D 

[oo9 9] vk\z. z<Dmm<DMm\z&2>E.n/nm : r 

[0 10 0] pflia2 0 aW2 0 bfc*, ±a! L fcJ; 5 
Jd, S&9S1 2a&££l 2 b<b»tt*tS^^Tf^tt"T 

i;Ta*<z>«»#wDttttsn*. ei/ii 

5?/1-f X 1 0 SXtKfil/tttffltSi&T^nH 

[0 10 1] i^Sfl 4H ±®b^ct3{z, 

2 a&tfl 2 btm:Bl»9 2 0 a&tf 2 0 b£3fcjrr 

h # 0fiKft*l:ip|fflni^l:li VCM (#-f 
X3<J^-^) ICffiOtttf Sttfc+rU ry>?7 — A, 
K** U y S*7-AK:ffi0m*SftfcHJ£:/l — KXte 

o, Et/tif/Hx i o <D±ft&mmznz>. s 

fc, dCDg^gg 1 4 Kf±, ^ 1 ffl/i 
lif 1 8 a 1 8 b *S»-T Sfc&Offlre- 2 8 2fetf 

3 O^ffiOgBW^iSS^n^^fefe^o 

[0 10 2] pJSjgC2 0 aRZf2 0 bMtffcHScSE 1 4 



(11) M 2 0 0 1 -3 2 0 1 0 3 
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KRjfeanfclr***, Sitt5t7$yi7^'J->S/- h 
[0 10 3] 2 a£tf 1 2 btt. ±i2Eb^ct^ 

ii, ma/fiMSi^i 8 axrxi 8 b^xe^ctoffitt 

-r««»T*S. fftEffil 2 a&tf 1 2 bfcL RT»tt* 

tlif 1 8 a&tf 1 8 b<D#ag^fe£®ft^fi<hbT 
pftta$2 0 a&tf 2 0 b ICgirrs»ll£W 
■T3. SEoT, iff S3 12aS^12 b 

iMKjSg?:Wt^fea)tSntfS0, pJ»^2 0aR 
tf2 0b©J5*tt 1 *fPtt*#*bT5Ba:jMiract 

[0 10 4] Bfcffl 1 2 aWl 2 b(?)f^Dd}l 2 
/iin- 1 0 0 MinlIiT-5ut#ff*L<, iH&SB 1 
2 aRCXl 2 btM/MXfl 8 aXlXl-8 b 
£*>*fc»*tt7 Mm- 5 0 0 u m a d L 

m^2 45^2 6 <£>J¥^te0. 1 Mm- 5 0 m m, 
Ef/lii 2 2 <OJP*tt3 Mm— 3 0 0 umtt^: 

[0 10 5] *f«g&l 2'aRtfl 2 bSilStStfftt 
LTte, «JI*g&2 0 aM2 0 b-*>B5tS8l 4<hR^C0 
1 7 5 7 i?^ ^fflCffll^ C t ^t, i/)V^~T. 

fb^;P3-7fti«»tTs»»tt 1 ^^TfaboT^a 

[0 10 6] ^^c. ^M«^f-C:«^r^^^(ct), sniS 

[0107] «EftSfl:^3-7aetffc*»««fl:^ 

A, Kft-f ^T-JUt^A, ifttU^A, 



(12) 
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[oio8] ■en^no^b^^o^jos^bx 

tt. Rfb-f y h U £A-t>Btfb< yf^h^AOi^li* 
ff*L<li8-20 : EM, M{kjj)H"5ix j pmt-?tf 

WKftfc-f * h U ^ a £ tLTfi^^iW 
^u<, -€-os-&ir^v^T^ i. 5-10^%, m 

&JR«{b«&«£:0. C5-2Owt%0}iiTSil]t^ 
Ci*«RlttT?**3W, JEm/SM^^l 8 a&tf 1 8 b . 

[0 10 9] &*3. a««««<h^Lfc8Sffl^#6 
fticfcil:, ^n-TOT^efttt^gSO- 0 5- 
3Mm, If^KiJO. 0 5 — 1 um£TZ>Z£&M3i 
±^<Dj;^tC, *H&g?l 2 a&tf 1 2 bid 
O^Tli, pJIbgB2 0 aW2 0 bMtf 1 4 £ 

x i o <D&m. mm<D 

[0 110] JEm/S^^^l 8 aWl 8 btt, >>tz 30 

< t ibj£m/mmm 22t, iEi/in 2 2 

$ft^C^:^"Ct§^ fiffig&l 2 afttfl 2 bit 

mMxAWX 1 0 ClLTl^o 

[0 111] Hfjf2EES/SM^T 1 8a&tfl8b^ 
m 1 fc^f ^ffig&l 2a^l 2 b©«®K:® 

j«"r**^*fiffll 2 a&tf 1 2 b^cfc 0^C#<^ib$ 40 

[0 11 2].JE«/«2Ji2 2fZ^ Elt7Sy« 

^A-Kr>fX^ H7-f7^ffi^7 K^fi«i*86^fc 
pJUj3£2 0 aM2 0 b<D^&m£mW) 
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[0113] ftftw&fffituttt, > ? ;uz3>s», ^ 
xxkib, ^>#>^>yx^>ffii&, a/\*;i^h— ^-^ 

fifth f^>SAU')A, 5 1 ^>lth'J^Ak^7 
X, -;*:/fi# U ^A± HJ ^A, ^>^«7hD> 

[0 114] 1#tC. fttr*«A8ttlS£ffiR&jE«£%& 
fb, E1/1II2 2CDj^M^{r43^S»Sg8 (ir^ 
vy^x) l 2 aWi 2 bi<0E Attach a ^ 

L< ttf ^ >S t h U A t: X 77 

[0 115] MJC S& IE >, ^;Uv^7 

A, Xhn>5P^A, y^>, *>^X-x->, A'U 
^7A, -^Jk T>;tf>, -feU^A, 

#F5 9A. ^DA, 7>3 t; E>, ft, 

hu^A. :*>^;k u^^a, tix^x, 7sXm<om 
[oii6] mx\t. ^&tt^&*v)\,zi>m®t£T* 

[0 117] &*3, vU*#<&;tf7X{bLglM*fi<0?g 
WfcL Ef/llI2 2^MlPff:> JE*/*S#» 

[0118] — >5\ JES/mSfft^ 1 8 aSr/ 1 8 b (7) 

TJl^n^A, f^X ^DA, ft. JA^h, Zlytr 
S^A, Dy^A, XX\ *>^;k ^>^Xf 

2 2 1 2 aRffl 2 b 

[0 119] EE»/«S*^1 8 aXtf 1 8 bJc45»S 
li2 4Stf2 6(DTOItfl JE«/«ffi« 2 2 
SJSl:ft#LTftS$ft*. fi»JAtf»«ffll 2aM 

1 2 b±l:-*©iS2 4*»riELfc«, i-^oii 

2 4Jt{3JEm/liMM 2 2 ***«lCcfc0»tfT*«S' 
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[0 12 0] 4M2 6CDJ?^14, 

bfEl/tIi?l 8 a&tf 1 8 b£)^{££<£T£i* 
*RHi*>fc**:», #l:Ef/iiI2 2®ttjCttK: 

[0121] _t3a5CO^J-C«. mgg? 12a Rtf 1 2 b <D 
ftt$i&ftlZ-mzM&2nz>'SIW}&2 0 aW2 0 b<D 
JP*Sr*fiffll 2 aMl 2 b OJP^D d «fc 0 b 

£*£>«;KLfc#f. ^-offi, m i 2 \z^Tfs 4 <D^mm 

l:i5El/llr/HX 1 0 d©<fc5fc:. pJgjgB2 0 
a&tf 2 0 b<BJP**«t6ffl 1 2 a&tf 1 2 b<7)Jp^D 
dtiaffHtdTfeJ:^. Cti}:i:D, «JSjS82 0a 
ay2 0bi:ftp D n^®DMMS&C, «IliS2 0aS 
tX2 0 bBSjfciSKgffl 1 2 aRtf 1 2 b f^oo^gi^ffl 

(WAtf0 7<0gS#5»3 8) OTigf2 0aM2 0b 

[0122] tit, mmxmm^^x 1 on, s# 

4 b&t>L»ffi« 1 2 aRtfl 2 bM^O^f 
[0 12 3] Jfcfc. *»W(DJ:OJff*L^*lfiO!>»ffi<i: 

n©$ 5 -a 7 <o&i&w\zmz>mn/u&7 : rt<i' x 1 

0e-10 gtzo^TH 1 3—H 1 5 £#SH L&j&iSSi 

[0124] £-r, ^s^^wtc^^jEm/mM^/t 
fcjE*/«s^A'-f x i o tmimisk<omi£&&-rz 

[ 0 1 2 5] EP*>, ffitt/ms*^ 1 1 8 aStfl 8 b 
tt* JE«/«S*2 2*UJB*«4:S*U -^com^2 
4?&UIS <£>±® £ 3 M S ©HCfiitSJ: 5 (cffifll 
tfKBJSfcSn* ffi^tl2 6^1II(DTI<i:2ll 

1 4 je a tf)±@{c£rg-r<5 <t o \zmmvt\zj&f&2 
[oi2 6]#i:, ijBaoTB^tt«-ra«*cD«a 

2 6*4, iH&SiS 1 2 aWl 2 b. ^IKgg 2 0aW2 
0 b. Hff«l 4®ftiBiBK:*^tTSff*aLT»jacS 

n, Mir, a^gp i 4co{gij®tc4av^x— gg^gi^nxx 
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U y h 7 0^Ml/T^§ e 

[0 12 7] C1CDXU y h 7 0 ^iSttfcffigte, ® : fl= 

m/mwm^ 1 8 a &tf i8b osaas 72 u u * s 

* : F2 8 0*»tfi»3W4i;i:<<t4Ci 1 d):Et' 
/SM^^ 18a 1 8 b <D&M1Mz&tt ZEEMS '« 
112 2 0TIi:iI^^SIt5iit-c$^, 

[0 12 8] &45, X U 7 h 7 0£t£tt£C:<h#£#H:: 

[0 12 9] CCT. 1^ 1 3 IC^-^TH ff&ffil 2 a 
JgLlf 12b Of^D d \* 0 . 05 mm, -J^SM 1 

2 aOffliJ®^6ffi^<Z>^&S& 1 2 bcofiyM^T:co^^D 
httl. 3 mm. H5t§& 1 4 <Dft£ b i (Et/flr 
A'-fX 1 0 f <Z)«*lfiJt»ofcH3e*l 4CD^$) tt. 
0. 4mm, *JSjg&2 0 aW2 0 b<£>42D f 140. 

3 mm, oJftgE 2 0a 2 0 b G9$ID j 0 . 25m 
m, pJlS2 0aS^2 0b^HiIDkfiO. 0 5m 

20 m, El/flr/HXl 0 f CD£ft(D§2 Dm (pjft 
§52 0 aS<^2 0 b®5fe«^e>H^ffl 1 4 CD^£gj£Tc£> 
JSftt) 141. 9mmt*D, «»M3 4 a*«ttf 3 4 bBB 

<a«/hs§gt (hi a)E«Lc c*aa-r*) #1. 0 4m 

[0 13 0] S-fflt&^-ffite, ±a*<^ffitC*tLT± 1 0 
%CD<gfflT»Iffll$n, SI3 4afitf3 4b 

«»3 7tPfft»2 0 a»tf 2 0 b*ft*t5i; 
H«S4 5±10kHz, «ffi0. 5um^±(30V 
30 pp) ©Et/tiSf/M7*llSft5. 

[oi3i]@i3m 4mmm<vj£m/m&m2 2 

[0132] m6<D&mM\zmz>f£n/nm j rrt 
<xiofn hi 4^^-Tct^^, ms<D&Mmiz% 

^ES/lIf/HX 1 0 e tSffR*(Di«Stt5 
**, M/asa^l 8 aS^l 8 b**S6*BTOj* 

40 [0 13 3] BP*., Ef/ilifl 8 aSffl 8 b 
14, Ei/lSi2 2^3ISj|^n, -*Oti2 
4** l Jf @cdT®<0— SE<h 2lg0±®l:eit^,J:9 

— gg£ 1 Sg(D±pch 3HB<0±ffiHffi«"r^«J:3fCttB 

[0 13 41WIC, iiloTS»:tilt5-*©«a 

2 4 3^^(0112 6 {4, mmmi 2 aWl 2 b CO 
— ffitr^T* U y h 7 0 ^^LT»Bt^nT^D, 1 

50 of®ia$2 0 a^D^2 0 b <D±m\ZfrtfTm%l lTM$ 
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tls 1 IlCDTICfilt^- ^C0mffi2 4H X'J y 
h 7 O^bi^S 1 4£DtS{:^itTilslTM^n 

[oi3 5] m,7 <D^wm\^&z>Etn/mw7'rt 

<7 10glt 115 (C7KT<t 5 IC, MS 6 (D^Wm\Z% 
*JBE«/ttSx/WX 1 0 f tSKB*©«i*#t5 
4&tf 2 6 0M/^->^T^ 

[0 13 6] gP"S, -^©182 411 lBgOJE^/ 
1112 2©T®£2«B<D±HfC&Hr*J:5U:»* i<9 

[oi3 7] lmmvTmiz&wTz-jjvmm 

2 4*1 SS«§? 1 2 a&tf 1 2 b. "5J©jSS2 0 a&tf 2 

[0138] m 6 (D&j&Mizgk&BEn/nmT 

SEl/tSf/HXlO ftt. 1 4ic^-TJ:e){c, it? 
Sffigg 1 2 a ±f£i3^T— ^ODSS 2 4 £<l!j;«f<Z)«« 2 

6##ic#j«snT^*;:£a>s, Et/ta*f 18 

aR^18b (7)Hffi (*Jft!j£B 2 0a ~BlZ* 20b (DflcfflK: 
»*Lfc*»<tH3£*l 4oaJBfc»J6Ufc«B«) \z& 

[0139] cntc^x, X7 (o&iemizftz&n/ 

ilr/HXlOgm El 1 StC^Ti^^, 

1 2 aRtfl 2 b±fc*5V>T— ^(Dll 2 4 0*^M 
$nTti5fc«), fft/lM^l 8 a&tfl 8 b CDPi 30 

ItMX 1 0 g^Jffl^nsiHlKiijBSffl^^T 
[0 14 0] £ft* iEm/mM^Tl 8 aS^l 8 b<£> 

«6 <D3Emm\z&z>&n/nm : rrt'f7> 1 

0 f Til H 1 4 tr^-Tcfc 3 Id, JESXm^S 2 2 OS- 
»Jd»«*nfc«a2 4&tf 2 6**«fc*»#T*o 

[0 14 1] CtlK^LT, SB7(0«»«fc«*EE«/ 
ilrA'-fX 1 0 gOftKftBlbgMHl JES/S^H 

2 2<D*Jifc»rtSttfc««2'4fttf 2 6 3&^fi&sa» 
(«SlC-CSt»») <h, 21g0El/tIi2 20 

_t® t»«snt-*(D«s 2 4 <DW*m± o h^mt& 2 

0 a&tf2 0 bffiOKffigU 1 S g ©JEtt/ttSlI 2 2 
ftttLT-#<D««2 4&tf 2 6"**mfc*«# (iiD 

[oi4 2i»:, cfloioso^Kiwsffim/msH? 5 » 
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A'-fX 1 0<B^<^a><O»ig;£j£2:H 1 6-B4 0 

[0 14 3] C©SIJB©»!lfc«*JE«/«ffi?/WX 
1011 *MO«dt»»St55y^tU 

8a&(/18b^<Ml6, IP -6, 1 2a& 

tfl2b. S^gg 1 4M^JC"SJ»jg?2 0 aStf2 0 b fc 

n^^ffSK, — JES/S^^T-l 8 a&tf 
18bSlii;»(!:LT, 2 8 3 0 1>T 

[0 14 4] EE«/SM5V\WX 1 0 C7)S*1 6 lC*5tf- 

[0 14 5] CflDHJBOJaWilCfllftffim/ttJ^-f X 
10TH 1 2 a&tfl 2 b£B5£ffll 4i(Dt 

tttflcMKSl 2 a&tf 1 2 biipJ 
B«20aStf20b^*M» (tt^Sft) H X 

Ir/HX 1 0 ©#tt*£;&T3MStt#< > h~C& 
a. 

[0 14 6] 3: ft, aTfcSTllifcSffifcl 

[0 14 7] KT» ^^Wtc*HMco^^{c^^iEaX 

»58 («*.«Hi7#aa) tmmiss zo^^y* 

^«I*6'0 MAM18#K) fcJfcfcU C^ir 
7 3 v 2mm& 6 0^ It pJiiS? 2 

0 a^2 0 b. mfa& 1 2 aWl 2 bM^XfCS^gP 

1 4#— #{fc£nftfc<£>£-tr^ = y ^S.^l 6 C (13 1 

[0 14 8] ^ft, :d 1 <OS!iS^ffit*lriT«, JE 

i/tifA'<x i o *H.-ai*i*aiwiK*rtiatf«5ifii 

fcfKJiUc-r&fta&K:, Ei/ti?MXio©ifiS 
[0149] *-r, y;m-T«<o-fe7^ 

**-T * ir 7 5 *y ir df U - > S/- h £fis»T * . 
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[0 15 0] #IC\ *S*ffl^fcfTftftlX^U— tfttlX 

7^ 7^yU->y-h50A-50 I , 5 2AM5 

[0 15 1] :nbt7$7^^U->y-h50A- 
5 0 1, 5 2 ARV 5 2 ^ft< 2 a 

a# i 2 br H itc^p H i^^^:-r^fc^^^^5 4#»j£s 

tifelM (0!*.tf9tt) Ot7$^^J->y-h 
50A-50I^ tt(C*4E*l 2 aMl 2 bi^5 20 
H&ft (0iJAtf2ft) ©t7^7^^U->v-h52 

[0 15 2] ^-<Df£, IS 1 7 ^7K~rj:3{C, ir^^ 
^U->'>— h52 A&tf 5 2 B-e-fe7$7^^U-> 
y-h50A~50I^^J:^:lT, Ctlbt 
7$y^yU->y-h50A-50L 5 2AM5 
2B^fI-Eflt, ir^^>y^^U->S[®^5 8 

■t^^vZmm&GO (0 1 8 #88) 20 

[0 15 3] »fb(0fca&OJE*lHlS^>jeff 
HBtSftftK mmizfcCT. mx-\iJBMS 4<DB 
ft t757^?'J->y-h O&ffcli J: 0 fi^i 

[0 15 4] »IK5 4co^tttt, -T^TPJ— 

[0155] i£w\z. mzim?LZ>z£!?. ^Qmmftz 

5 v >7 ? U - > ~>- h tcffiffl £ tt&ir ^ *y £7 x £ B- 

>~>- h 5 2 A&tf 5 2 Bfim^m^WZ, -JzrTs^y 
T^y >y*lfc#'Jxf!/>fl/7^l/- h:7>f ;kk£fi! 
[0 15 6] il 8fr^TJ:^IC, fjfS-fe v ^ «y 

^ii*6o^)fi^i, ip-&, -fe^*y — >>-- 

h 5 2 AStf5 2 B#ttliShfc«Wlc«3***Wfc: 
ftlfni±i/ilff 1 8 aSC/l 8 b&Mf&TZ. 
Ei/tl^fl 8 aRl/l 8 b©MS(tlTft X 

a (cvd) , &r?zm<nmmm&i£%mi*2>z\£&T' 

22>. 50 
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[0157] z\<n±?tzmmm&$:m^T&n/nmm 

^ 1 8 aRtfl 8 b*7K«T*£££«fc9, J£^J£ffi 
\,*ZZL£te<* EE«/*S*^1 8 aSCXl 8 bt»« 

[0 15 8] £*>*^ *»««8fe**J:0£E«/«ffi* 
fl 8 aMl 8 b£JF2J&T££<hriW£L^ e »tC, 
Ei/1112 2©«fKfc*5(,^TJ¥«»fiEffi«:ffl^^n 
tf. ¥i^St?0. 01-5/im, jff^KfiO. 05- 

[0 15 9] am^iftffiti, «Sr*^?S*T, ^ 

[0 16 0] EE*/*^*^ 1 8 aMl 8 

mm& 58^1200 1 6 o o cflojaaetfusj*, — 

mm ft 6 0<7>M*H<BW£fME:»«»l 2aMl2 
bOgl<o-*rotg2 4*9i»K SfcritU E 
t/fll2 2^WI, 55 C mil5S 1<7)— yj 

o«« 2 4 t#*at o«s 2 6 *9i«, mat U 

CftS£3fj£0RiSg5gLT (ffil/tSSf 1 8 aR 
tfl 8 b***B<DEE«/ttS/B2 2a>6*j$£n*» 

^) . frm/mmm^F 1 8 a^i 8 bs^js-r*. * 

SfctfxaaS^ 8S^3 Q*B1»L Mt5. 
[0 16 1] £fc> iTI^I 1 C0-7j<7)mS2 4£Ep 
»k tt*£U Ef/ili2 2cIl(D-J(Dll2 4 
1 0ffi^0SS2 6 ^EPM, J*J«U C<7> 

ffi*^ i 8 aStfl 8 b^MLTfectK 

[0162] -s©ti2 4cbte^ (p 

t) > jzm/mmm 2 2 tLx^)i^>m^^>m^ 

(PZT) , tt»Ota2 6tl/T4 (Au) . Mtc, 
2 8Rtf3 0 h LIS (Ag) tt^<t'5t, 

[0 16 3] ^^5. ^^^*tlsf^^-rsc:>(CJ:0, 

mn/mmm^i s aFJi s bcD&gs*t<t^2 8& 

T^D> MlO)El/iIi2 2^^L^^(C(£S 
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[0 16 4] mfz. frm/M^m^ l 8 a&Zfl 8b<D 
[0 16 5] BE«/«ffi*^l 8 aWl 8 b©»lJlC 

43nx»a, -fe^^ y >msfcs 8<DWi&w. in 

5, t7$yi7^U->y-h5 2AR^5 2B0St 
iSkl^JEm/SMfSf^l 8 a&tf 1 8 b£^J5SLX4o 
*, Kt7$y*j/U->*I#5 8tEt/tI*f 
1 8 aRZSl 8 b £&mm\Zi&l&TZ> £ £ t>£F£ L < ff i0 

B# 5 8 chmS/SHsSlT 18a 18b <£>-T^X<7) 

12 4^7$7^^ l J->Sift5 8 t*HW*lSI«L 

»J->«JI#5 8d:SHI«»«tS*S***tf5n 

[0 16 6] El/tlSf 1 8 aRtfl 8bit75 
7^^»J->ai*5 8 ££^P#^j£lT£;27f££LX 

/i2i2 2©MB#*a»L £0>«jS«J0>flE«/* 
MS 2 2<7)fJffi#:$:ir^^^^^U->«H#5 8 cd^ 
ffi±fc*fcJE»*T?«JIU ra«ffc«l«UT?r«i«2 0 a 
RZf2 0 b, ffStfl 2 aWl 2 b, JE«/«S» 2 

^vZV U ->»JB* 5 8 cD^S&tf/XtejEm/SM 
12 2£ : F«>Sffi2 4&MlT*<!&g^^ 
[0 16 7] ^coffico;£f££LTte, -fe^Sy^yj — 
>«S*5 8 0^^<<h^S^WtC^«g51 2aWl 30 

1 8 aStfl 8 b<D&mj&M'V&Z>nm2 4&tf 2 6. 
[0 16 8] El/lil^l 8 aMl 8b0Mi 

n*#, — «tcw\ soo'c-isootT^D, ei 

/1I12 2CTITH SfSKIilOOO'C-14 

0 0TO§, Ef/ili 2 2oa/££ff?J 

ffiTtC^-TSdt^^LUo ft 4s, J£S/m^Jl2 

2 tt7Sy>yiJ->«I*5 8*HP*«J*T*«^ 

f/liSf 1 8 afttf 1 8 btt, eTUfe-fc^Syir 
«B#6 0 *)L<tt-fe^5 y?ifV->mm»5 8 (DM 

[0 16 9] ^Iz, JbfcBOcfc^tcLX, JES/SM^^ 

1 8 aRtfl 8 b^MS*lfct75y^«ift6 0 CO 
34, TB&2B#£SJI$ir<5o *Krr*ffi«tt, ir^^ 50 
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7^91*6 0<DMU, R«JI*ICJ:?X-fc7 3y 

^a@*6 OttfljffiKSgffi 5 4tc££?L8B4 2jWBricS 
nsMEfr (ffl»r»C IRtfC 2#HB) X&3* 
[0 17.0] #^X, 0 19 Ic^f ct-piC, Bj!Jjffl2 0 
aW2 0 b <fcft*«#W**>«B# 2 0c &«J»fac 3 
RtfC 4 fc»oT«KLTl»*LT, pJM2 0aM 
2 0 b, SffiSK 1 2 a&tfl 2 bitflclSS 1 Aifi— 
frflSStlfc-fe^^y^Sftl 6 CfcJEEW/Wffi*^! 8 
aRtf 1 8 b^^^nfcJEm/SM^AWX 1 0£«s 

[0 17 1] ii^^^^S^l 6 C<O«J0ffi WC 

«x.«9JBracisyc2 (ii8W a, «7-r 

■*V— HlXfcU ^J^f^C lRtXC 2 izm&T&mfeffi 
14, RTi[jg?2 0 aS^2 0 bCDSffi3 4 aW3 4 b 
£ ^ >f > ^ JO X <h T Z> Z <h £ L ^ 
[0 17 2] ±^Et/ilrAWX10 

1 2 a Stf 1 2 b±lwJEm/SM*^l 8 aRtfl 8 b 

jc/ttjs«pfcfei;^BE«/affiJB2 2a>«»^— *fcom 

124 RZZ 2 6 <hEf/iiI 2 2 Sfctf leStR* 1 2 a 
Stf 1 2 b(t©«»a*©a^«l:J:oT, «AH, « 
«gg 1 2 aWl 2 bMtfKLJEtt/m^*^ 1 8 
18bH yLS54 2\Zfafr-DTih£f3LZ>&o\Zt>'?fr\Z 

m^F nawnb (mzmm/mmm 2 2 > ^mm 
mi 2 slrzsi 2 bfcrt»aH**3w»±u-t»-r<a: 

So 

[0 17 3] d<7>*tR«Bl 2 a&tfl 2 b^>ES/ii 

m&mi 2 aRisi 2b\z%ifc<DE.m/mmmi L 

1 8 aWl 8 b*«*fcC»*fflT»D^toi**»&fc: 

fc. »*3««<0«-ffciRJBK:cfcoT»««l 2 aWl 2 
b^Et/1112 2{;rtMg^^Mt^c:ti: 

[0174] z.<DVtmT*j£m/mmy"/^ x 1 o^figffl 

•T^t, ES/SliS2 2tcm^m#^^AT : b, pJgj 
S5 2 0 &RZ*2 0 bJC^V>TBfStOXffiS:^Sa^«& 

e:n«. El/til 2 2 o*t»*ttR^pi» 

S620aRr/20b OXttttflsftt. «j=2^St5 12aS 
CXI 2 b^Ei/1112 2t»^UT^-5ftffiaajC 

[0 17 5] fCt, COS 1 ©Slag^ffiX^ 02 0 
AtZ^-r^^JC. ximU2 0 aM2 0 bOtW 2 
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Oc^^Wl (pjAaiOO/im) fzttmfe'tZ>& 

2 0 B KIt^T £5K:* pJi5S6 2 0 aW2 0 blCSt^C 
ttftT^S® 3 4 aRtf3 4 b tf^iSSfl^T^ mfeU 
12aWl2 b^jEB/€MJI2 2 fcfli bT^Tcft 
g?aS^^Jd:^T> CtlbigI3 4aS^3 4b^S 
^Kffi^^ftfC^ftU ^8iI^I3 4aR^3 

^W2 (fiHjA«3o^m) ^Qmm-tzt. 

[0 17 6] cne®13 4 aM3 4 b^ati, 
«35 1 2 aS^l 2 b-^J£S/SMB2 2 CMltl^ 

<h, pJfb95 2 0 a^2 0 b te, t3#i£iHi 0 CD^tel* 
® 3 4 a^3 4 bSr»fiEbfc»'&tC*5ViTfera«Tft 

D, igSEi 2a^r;i2b^Ei/ii 

12 2 fc»£LTIr>fcrt*»««tfj*i. HJ£»14K:» 
jBS^tlfcS^W^iPi-rsSi® 3 4 aRtf 3 4 b<D&M\Z 
iotM^tl^Cchii^So fc45, *tf^inil3 4 
aStf3 4bl;^^m LfcnJKjg8 2 0 a^2 

[0 17 7] HI 8C*T«JW^B 1 9 

&t>Ttt, w^m\z3 o or- 8 o ov-vmmmmTz 

X 1 0 ftl:7>f * 7 y >«©^BWt K*t^^ 
*CS«<DBKT^a< tfe 1 0B9M&fleiMBU X-v 

>^«ia*jfii-^i:^»*L^ 0 ciox->?>^jai3i 
[oi7 8] ^(c, m2<Dum^&\z'D^xm2 i~~m 

O-fc^^ vi?9 U->->-h 5 0 A-5 0D£, 
1 2 afiitf 1 2 b|BHCffira*JB*r*fc8e>0««5 4 t 
SlMC*tfR]-r-5fflffi3 4 a^3 4 b *J»jSB 2 

0 a£tf 2 0 b£ff2j£T*fc&&£>SSU 0 O t^iaf 
^$n^cm§cft (M;Lfcr7ft) (Oi!7$7^^'J->y 
-M02A-102GL «£WtKffi 12aWl2 

-K5 2AW5 2Bd:^m e 
[0 17 9] ^O^, i2 2(C7K-Tct^^. -fc^Sy* 



(17) M2 0 0 1 - 3 2 0 1 0 3 

^'J->y-h5 2 A&tf 5 2Btt7 = 7^^'J-> 
h 5 0 A— 5 0 DSfctflC 1 0 2 A- 10 2 G£&<^ 
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* notices * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the following and has moving part in a part for a point of the sheet metal section of said pair. 
Inside of the sheet metal section of said pair, They are the piezo-electricity / electrostriction device which is 
the piezo-electricity / electrostriction device with which one or more piezo-electricity / electrostriction elements 
were arranged in at least one sheet metal section, and either said moving part or a fixed part has an end face 
which counters mutually, and is characterized by distance between said end faces being more than the length 
of said moving part. The sheet metal section of a pair which carries out phase opposite A fixed part which 
supports these sheet metal section 

[Claim 2] The piezo-electricity / electrostriction device characterized by having the excision section in either 
said moving part or a fixed part, and said a part of excision section constituting said end face which counters 
mutually in piezo-electricity / electrostriction device according to claim 1 . 

[Claim 3] They are the piezo-electricity / electrostriction device characterized by consisting of ceramic bases 
which unify when said sheet metal section, said moving part, and said fixed part carry out coincidence baking 
of the ceramic green layered product in piezo-electricity / electrostriction device according to claim 1 or 2, and 
come to excise a still more unnecessary portion. 

[Claim 4] They are the piezo-electricity / electrostriction device which said piezo-electricity / electrostriction 
element are films-like in piezo-electricity / electrostriction device according to claim 3, and is characterized by 
baking uniting with said ceramic base. 

[Claim 5] The piezo-electricity / electrostriction device characterized by forming an opening between said end 
faces which counter mutually in piezo-electricity / electrostriction device given in any 1 term of claims 1-4. 
[Claim 6] The piezo-electricity / electrostriction device which one of a configuration member, the same 
member, or two or more different members of said moving part or a fixed part intervene between said end 
faces which counter mutually, and is characterized by area of said end face in said member and a field which 
counters being almost the same as area of said end face in piezo-electricity / electrostriction device given in 
any 1 term of claims 1-5. 

[Claim 7] The piezo-electricity / electrostriction device characterized by at least one member being organic 
resin among said two or more members in piezo-electricity / electrostriction device according to claim 6. 
[Claim 8] The piezo-electricity / electrostriction device characterized by filling up with a gel material in piezo- 
electricity / electrostriction device according to claim 6 or 7 in a pore formed with both walls of the sheet metal 
section of said pair, a wall of said moving part, a wall of two or more of said members, and a wall of said fixed 
part. 

[Claim 9] The piezo-electricity / electrostriction device with which internal residual stress produced for said 
sheet metal section, and/or said piezo-electricity / electrostriction element at the time of manufacture is 
characterized by having structure released by forming said end face which counters mutually in piezo- 
electricity / electrostriction device given in any 1 term of claims 1-8. 
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[Claim 10] They are the piezoelectricity / electrostriction device characterized by having an electrode of a pair 
with which said piezo-electricity / electrostriction element were formed in piezo-electricity / electrostriction 
layer, and this piezo-electricity / electrostriction layer in piezo-electricity / electrostriction device given in any 1 
term of claims 1-9. 

[Claim 11] Said piezo-electricity / electrostriction element are the piezo-electricity / electrostriction device 
characterized by plurality of an electrode of said piezo-electricity / electrostriction layer, and said pair 
consisting of laminating gestalten in piezo-electricity / electrostriction device according to claim 10. 
[Claim 12] A manufacture method of of the piezo-electricity / electrostriction device characterized by providing 
the following The sheet metal section of a pair which carries out phase opposite Provide a fixed part which 
supports these sheet metal section, and it has moving part in a part for a point of the sheet metal section of 
said pair. It is the manufacture method of piezo-electricity / electrostriction device that one or more piezo- 
electricity / electrostriction elements were arranged in at least one sheet metal section among the sheet metal 
sections of said pair. After producing said piezo-electricity / electrostriction element on said sheet metal at 
least, one predetermined part of the portions used as a portion which serves as said moving part, or a fixed 
part is excised. A production process which forms said moving part or fixed part which has an end face which 
counters mutually and, by which distance between said end faces was carried out to more than the length of 
said moving part 

[Claim 13] A manufacture method of piezo-electricity / electrostriction device that provide the sheet metal 
section of a pair which carries out phase opposite characterized by providing the following, and a fixed part 
which supports these sheet metal section, have moving part in a part for a point of the sheet metal section of 
said pair, and one or more piezo-electricity / electrostriction elements were arranged in at least one sheet 
metal section among the sheet metal sections of said pair A ceramic green sheet which has a window part at 
least A ceramic layered product production production process which really calcinates a ceramic green 
layered product containing a ceramic green sheet used as said sheet metal section behind, and produces a 
ceramic layered product A production process which forms said piezo-electricity / electrostriction element in 
an outside surface of a portion which serves as said sheet metal section among said ceramic layered 
products An excision production process which forms said moving part or fixed part by which it has at least 
said end face which counters mutually, and distance between said end faces was carried out to more than the 
length of said moving part by at least one excision processing to a ceramic layered product in which said 
piezo-electricity / electrostriction element were formed 

[Claim 14] A manufacture method of of the piezo-electricity / electrostriction device according to claim 13 
characterized by providing the following Said ceramic layered product production production processes are 
two or more ceramic green sheets which have a window part for forming said moving part or fixed part which 
has an end face which counters mutually at least. A ceramic green sheet which serves as said sheet metal 
section behind 

[Claim 1 5] A manufacture method of of the piezo-electricity / electrostriction device according to claim 1 3 or 
14 characterized by providing the following Said ceramic layered product production production processes are 
two or more ceramic green sheets which have a window part for forming a portion used as a portion which 
serves as said moving part where a part of end face which counters mutually at least was connected, or said 
fixed part. A ceramic green sheet which serves as said sheet metal section behind 

[Claim 16] A manufacture method of of the piezo-electricity / electrostriction device characterized by having a 
production process which makes a configuration member of said moving part or a fixed part, and two or more 
different members intervene between said end faces which counter mutually in a manufacture method of of 
piezo-electricity / electrostriction device given in any 1 term of claims 12-15. 

[Claim 17] A manufacture method of of the piezo-electricity / electrostriction device characterized by using 
organic resin as at least one member among said two or more members in a manufacture method of of piezo- 
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electricity / electrostriction device according to claim 16. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] About piezo-electricity / electrostriction device equipped with 
the moving part which operates based on displacement actuation of piezo-electricity / electrostriction element 
or the piezo-electricity / electrostriction device which can detect the displacement of moving part by piezo- 
electricity / electrostriction element, and its manufacture method, in detail, this invention is excellent in 
reinforcement, shock resistance, and moisture resistance, and relates to the piezo-electricity / electrostriction 
device which can operate moving part greatly efficiently, and its manufacture method. 
[0002] 

[Description of the Prior Art] Recently, in fields, such as optics, and magnetic recording, precision processing, 
the displacement element which can adjust the optical path length and a location is needed to submicron 
order, and development of the displacement element using the displacement by the inverse piezoelectric 
effect and electrostrictive effect which are caused when voltage is impressed to piezo-electricity / 
electrostriction materials (for example, ferroelectric etc.) is furthered. 

[0003] Conventionally, as such a displacement element, as shown, for example in drawing 41 , by forming a 
pore 202 in the plate 200 which consists of piezo-electricity / an electrostriction material, a fixed part 204, 
moving part 206, and the beam section 208 that supports these are formed in one, and the electrostrictive 
actuator which formed the electrode layer 210 in the beam section 208 is indicated further (for example, refer 
to JP,10-136665,A). 

[0004] if voltage is impressed to the electrode layer 210, since the beam section 208 expands and contracts 
according to an inverse piezoelectric effect or an electrostrictive effect in said electrostrictive actuator in the 
direction which connects a fixed part 204 and moving part 206 - moving part 206 - the inside of the field of a 
plate 200 - setting - an arc - it is possible displacement or to carry out rotation displacement. 
[0005] The technology of performing highly precise positioning at a high speed is indicated, and the structure 
used making the bimorph of two sheets counter is shown to this official report (especially drawing 4) by by 
dividing the electrode of that bimorph, preparing, and on the other hand, choosing and driving the divided 
electrode about the actuator which used bimorph for JP,63-64640,A. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in said electrostrictive actuator, since the displacement 
of the flexible direction (namely, field inboard of a plate 200) of piezo-electricity / electrostriction material was 
transmitted to moving part 206 as it was, there was a problem that the travel of moving part 206 was small. 
[0007] Moreover, since it constituted all portions with the piezo-electricity / electrostriction material which is a 
brittle and comparatively heavy material, the mechanical strength of the electrostrictive actuator was low, in 
addition to being inferior to handling nature, shock resistance, and moisture resistance, its electrostrictive 
actuator itself was heavy, and it had the trouble of being easy to be influenced on actuation of a harmful 
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vibration (for example, residual vibration and noise vibration at the time of a fast operation). 
[0008] In order to solve said trouble, filling up a pore 202 with the filler which has flexibility is proposed, but it 
is distinct that the amount of the displacement by the inverse piezoelectric effect or the electrostrictive effect 
falls only by using a filler. 

[0009] Furthermore, the actuator indicated by said JP,63-64640,A It adds to sticking bimorph to a holddown 
member or a junction member. Since it is the thing of the structure which comes to stick the two own piezo- 
electric child of bimorph, it is easy to remain the stress resulting from those attachment, heat-treatment, 
hardening contraction of adhesives concerning lamination, etc. with the internal residual stress Displacement 
actuation is barred and there is a possibility that the displacement as layout and resonance frequency may be 
unrealizable. Especially, when an actuator is small in size, the effect of adhesives will become large naturally. 
[0010] Then, as a method of eliminating the effect of the adhesives concerning attachment, an actuator is 
constituted from an one baking object of the ceramics, and it is possible to consider as the structure which 
does not use adhesives. However, a possibility that internal residual stress may occur must have been 
escaped also in this case by the difference in the heat shrink action of each part material at the time of baking. 

[001 1] Furthermore, when an actuator was small in size, it was inherent in the problem that the stability of the 
actuator and the attachment nature of other components to an actuator fall. 

[0012] This invention is made in consideration of such a technical problem. Lightweight-izing of a device, 
While being able to raise the attachment nature of the components to moving part, or the stability of a device 
in the handling nature list of lightweight-izing of moving part or a fixed part, and a device and being able to 
displace moving part greatly by the low battery relatively by this especially Can make improvement in the 
speed (raise in resonance frequency) of a device, especially displacement actuation of moving part attain, 
moreover, are hard to be influenced of a harmful vibration, and a high-speed response is possible. A 
mechanical strength is high and it aims at offering the piezo-electricity / electrostriction device which can 
obtain the displacement element excellent in handling nature, shock resistance, and moisture resistance, and 
the sensor element which can detect vibration of moving part with a sufficient precision in a list, and its 
manufacture method. 
[0013] 

[Means for Solving the Problem] This invention possesses the sheet metal section of a pair which carries out 
phase opposite, and a fixed part which supports these sheet metal section. It has moving part in a part for a 
point of the sheet metal section of said pair. Inside of the sheet metal section of said pair, It is the piezo- 
electricity / electrostriction device with which one or more piezo-electricity / electrostriction elements were 
arranged in at least one sheet metal section, and either said moving part or a fixed part has an end face which 
counters mutually, and it is characterized by distance between said end faces being more than the length of 
said moving part. 

[0014] Said moving part, a fixed part, and the sheet metal section may be constituted using ceramics or a 
metal, can also constitute each part from ceramic materials, or can also constitute it from metallic materials. 
Furthermore, it can also constitute as hybrid construction which combined what was manufactured from 
ceramics and a metaled material. 

[0015] And the excision section is prepared in either said moving part or a fixed part, and you may make it 
said a part of excision section constitute said end face which counters mutually. Furthermore, it unifies by 
carrying out coincidence baking of the ceramic green layered product, and you may make it constitute said 
sheet metal section, said moving part, and said fixed part from a ceramic base which comes to excise a still 
more unnecessary portion. Moreover, said piezo-electricity / electrostriction element are made into the shape 
of a film, and you may make it unite with said ceramic base by baking. 

[0016] In this case, said piezo-electricity / electrostriction element can have and constitute piezo-electricity / 
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electrostriction layer, and an electrode of a pair formed in this piezo-electricity / electrostriction layer. 
Moreover, said piezo-electricity / electrostriction element have piezo-electricity / electrostriction layer, and an 
electrode of a pair formed in both sides of this piezo-electricity / electrostriction layer, and you may make it 
form one electrode in said sheet metal section at least among electrodes of this pair. In this case, vibration by 
piezo-electricity / electrostriction element can be efficiently transmitted to moving part or a fixed part through 
the sheet metal section, and improvement in responsibility can be aimed at. As for especially said piezo- 
electricity / electrostriction element, it is desirable that plurality of an electrode of said piezo-electricity / 
electrostriction layer, and said pair consists of laminating gestalten. 

[0017] While generating force of piezo-electricity / electrostriction element increases and has and about is 
planned very much by making it such a configuration, high resonance frequency-ization is attained and there 
is the feature that improvement in the speed of displacement actuation can be attained easily because the 
rigidity of the device itself increases. 

[0018] It is good also as an opening and between said end faces which counter mutually And the member 
same between said end faces which counter mutually as a configuration member of either said moving part or 
a fixed part or two or more different members, Glass, cement, organic resin, etc. are mentioned. Preferably 
For example, organic resin, For example, you may make it make such mixture, such as an epoxy system, 
acrylic, a polyimide system, a phenol system, a silicone system, a terpene system, a xylene system, a styrene 
system, a melamine system, an methacrylic system, and a rubber system, or a copolymer intervene. It is 
desirable to make organic resin of an epoxy system, acrylic, and an methacrylic system etc. intervene from 
points, such as cementation nature, handling nature, and hardness, especially. Furthermore, it is desirable to 
also make fillers, such as an inorganic material, mix in order to raise a degree of hardness. 
[0019] It becomes possible to raise resonance frequency, without reducing the amount of displacement of 
moving part or a fixed part, since it can make a member lighter than a configuration member of said moving 
part or a fixed part able to intervene between said end faces which counter mutually or lightweight-ization of 
moving part or a fixed part can be effectively attained by joining between end faces by small thing also by said 
member, when between said end faces which counter mutually was especially made into an opening. 
[0020] Moreover, when between said end faces which counter mutually is made into an opening, a part of 
moving part containing one end face or fixed part, and moving part including an other-end side or another part 
of a fixed part becomes easy to bend, and it becomes strong to deformation. Therefore, it will excel in the 
handling nature of piezo-electricity / electrostriction device. 

[0021] Furthermore, since distance between end faces is more than the length of said moving part, when 
attaching other components in moving part, the large clamp-face product can be taken and the attachment 
nature of components can be raised. Here, since considering a case where components are fixed with 
adhesives etc. it can hold on both sides of goods from both sides, components can be fixed certainly. 
[0022] Furthermore, height of the whole in which height of goods and height of moving part were no longer 
simply added, and included goods by holding on both sides of goods from both sides can be kept low. 
Furthermore, since the length of moving part can be made smaller than distance by the side of an end face, 
the physical properties of adhesives on which components are pasted up can act effectively, and can enlarge 
displacement. 

[0023] When it considers as a fixed part which has an end face which counters mutually on the other hand, it 
becomes possible to fix firmly the piezo-electricity / electrostriction device concerning this invention to a 
predetermined fixed portion, and improvement in reliability can be aimed at. 

[0024] In this invention, the stability of the attachment nature of components to moving part, a miniaturization, 
and a device can be raised also in lightweight-izing of a device in the handling nature of lightweight-izing of 
moving part or a fixed part, and a device, and a list. Thus, by this While being able to carry out displacement 
of the moving part greatly, can make improvement in the speed (raise in resonance frequency) of 



http://w\^4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_.ejje 2/23/2004 



Page 4 of 27 



displacement actuation of moving part attain, moreover, are hard to be influenced of a harmful vibration, and a 
high-speed response is possible. A mechanical strength is high and a displacement element excellent in 
handling nature, shock resistance, and moisture resistance and a sensor element which can detect vibration 
of moving part with a sufficient precision in a list can be obtained. 

[0025] By the way, in manufacture of piezo-electricity / electrostriction device, by baking etc., when piezo- 
electricity / electrostriction element is formed for example, in a ceramic layered product (what carried out the 
laminating of the ceramic green sheet, and really calcinated it), internal residual stress will really using 
lamination or the film forming method mentioned later occur into a portion used as piezo-electricity / 
electrostriction element, and/or the sheet metal section, for example. Especially when really forming piezo- 
electricity / electrostriction element in a ceramic layered product by baking, it becomes easy to generate 
internal residual stress into a portion which serves as piezo-electricity / electrostriction element, and/or the 
sheet metal section by contraction of a configuration member and a difference in coefficient of thermal 
expansion which are produced at the time of baking. 

[0026] If piezo-electricity / electrostriction device is produced and used from this condition, even if it gives 
predetermined electric field to the piezo-electricity / electrostriction layer which constitutes piezo-electricity / 
electrostriction element, desired displacement may not be shown in moving part. This is because the material 
property of piezo-electricity / electrostriction layer and displacement actuation of moving part are checked by 
internal residual stress generated in piezo-electricity / electrostriction element, and/or said sheet metal 
section. 

[0027] Since he is trying to prepare an end face which counters either moving part or a fixed part mutually, 
distance between end faces will be shortened by this invention, for example with internal residual stress 
generated in said piezo-electricity / electrostriction element, and/or the sheet metal section. That is, internal 
residual stress produced in piezo-electricity / electrostriction element, and/or the sheet metal section will be 
released by migration of an end face. 

[0028] Furthermore, in this invention, since he is trying to take a large distance between end faces, even if 
distance between end faces narrows with internal residual stress, only additional coverage to attach other 
components between these end faces can be given. 

[0029] Thus, in this invention, it is lost that displacement actuation of moving part is checked by said internal 
residual stress, and displacement actuation of moving part as layout can be obtained mostly. In addition, 
improvement in mechanical strength of a device can also be aimed at by release of this internal residual 
stress. 

[0030] Moreover, when a pore is formed with both walls of the sheet metal section of said pair, a wall of said 
moving part, a wall of two or more of said members, and a wall of said fixed part, you may make it filled up 
with a gel material in this pore, in this case - usually - existence of a filler - displacement of moving part - 
displacement of lightweight-izing accompanying [ although actuation will receive a limit ] formation of an end 
face to moving part or a fixed part in above-mentioned invention, or moving part - displacement of moving 
part according to said filler since he is trying to attain increase-ization of an amount - a limit of operation is 
negated and an effect by existence of a filler, i.e., a raise in resonance frequency, and rigid reservation can 
realize. 

[0031] Next, this invention possesses the sheet metal section of a pair which carries out phase opposite, and 
a fixed part which supports these sheet metal section. It has moving part in a part for a point of the sheet 
metal section of said pair. Inside of the sheet metal section of said pair, It is the manufacture method of piezo- 
electricity / electrostriction device that one or more piezo-electricity / electrostriction elements were arranged 
in at least one sheet metal section. After producing said piezo-electricity / electrostriction element on said 
sheet metal at least, one predetermined part of the portions used as a portion which serves as said moving 
part, or a fixed part is excised. It is characterized by having a production process which forms said moving 
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part or fixed part which has an end face which counters mutually and, by which distance between said end 
faces was carried out to more than the length of said moving part. 

[0032] internal residual stress generated in piezo-electricity / electrostriction element, and/or the sheet metal 
section at the time of manufacture since moving part or a fixed part which has an end face which counters 
mutually would be prepared - distance between end faces - for example, it is released by being shortened - 
******** - displacement of moving part - actuation is not checked by said internal residual stress 
[0033] After producing piezo-electricity / electrostriction element here, the condition that piezo-electricity / 
electrostriction layer was formed at least is shown, and after performing excision for forming moving part or a 
fixed part which has an end face which counters mutually to an electrode formed after formation of piezo- 
electricity / electrostriction layer, you may make it form. 

[0034] Moreover, without reducing the amount of displacement of moving part, since moving part or a fixed 
part is lightweight-ized by preparing moving part or a fixed part which has an end face which counters 
mutually, the piezo-electricity / electrostriction device which becomes possible [ raising resonance frequency ] 
can be manufactured easily efficiently, and fertilization of the piezo-electricity / electrostriction device of high 
performance can be realized. 

[0035] And in order to excel in the handling nature of piezo-electricity / electrostriction device since moving 
part or a fixed part becomes easy to bend and it becomes strong to deformation, and to make large existence 
of said end face which counters mutually, and distance between these end faces, when attaching other 
components in moving part, the large clamp-face product can be taken and the attachment nature of 
components can be raised. Moreover, displacement can be raised in case it pastes up on both sides of 
components. 

[0036] Moreover, this invention possesses the sheet metal section of a pair which carries out phase opposite, 
and a fixed part which supports these sheet metal section. It has moving part in a part for a point of the sheet 
metal section of said pair. Inside of the sheet metal section of said pair, A ceramic green sheet which is the 
manufacture method of piezo-electricity / electrostriction device that one or more piezo-electricity / 
electrostriction elements were arranged in at least one sheet metal section, and has a window part at least, A 
ceramic green layered product containing a ceramic green sheet used as said sheet metal section is really 
calcinated behind. A ceramic layered product production production process which produces a ceramic 
layered product, and a production process which forms said piezo-electricity / electrostriction element in an 
outside surface of a portion which serves as said sheet metal section among said ceramic layered products, 
By at least one excision processing to a ceramic layered product in which said piezo-electricity / 
electrostriction element were formed It is characterized by including an excision production process which 
forms said moving part or fixed part which has at least said end face which counters mutually and, by which 
distance between said end faces was carried out to more than the length of said moving part. 
[0037] This sets to manufacture of piezo-electricity / electrostriction device. Especially by baking Since 
internal residual stress generated in piezo-electricity / electrostriction element, and/or the sheet metal section 
can be effectively released when piezo-electricity / electrostriction element is formed in a ceramic layered 
product, [ when producing piezo-electricity / electrostriction device using a ceramic green sheet laminated 
layers method ] The attachment nature of components to moving part and the stability of a device can be 
raised in the handling nature of lightweight-izing of moving part or a fixed part, and a device, and a list, and, 
thereby, moving part can be displaced greatly also in lightweight-izing of a device. 

[0038] And two or more ceramic green sheets which have a window part for said ceramic layered product 
production production process to form said moving part or fixed part which has an end face which counters 
mutually at least, A ceramic green layered product containing a ceramic green sheet used as said sheet metal 
section is really calcinated behind, and said ceramic layered product is produced. Said excision production 
process You may make it form said moving part or fixed part by which it has at least said end face which 
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counters mutually, and distance between said end faces was carried out to more than the length of said 
moving part by excision processing to a ceramic layered product in which said piezo-electricity / 
electrostriction element were formed. 

[0039] Moreover, two or more ceramic green sheets which have a window part for said ceramic layered 
product production production process to form a portion used as a portion which serves as said moving part 
where a part of end face which counters mutually at least was connected, or said fixed part, A ceramic green 
layered product containing a ceramic green sheet used as said sheet metal section is really calcinated 
behind, and said ceramic layered product is produced. Said excision production process By excision 
processing to said ceramic layered product in which said piezo-electricity / electrostriction element were 
formed A portion used as a portion which serves as said moving part where a part of end face which counters 
mutually at least was connected, or a fixed part is formed. Furthermore, you may make it form said moving 
part or fixed part which has an end face which excises said joining segment and counters mutually and by 
which distance between said end faces was carried out to more than the length of said moving part. 
[0040] In addition, you may make it include a production process which makes a configuration member of said 
moving part or a fixed part, and two or more different members intervene between said end faces which 
counter mutually. In this case, organic resin can be used as at least one member among said two or more 
members. 

[0041] Therefore, according to the piezo-electricity / electrostriction device concerning this invention, and its 
manufacture method Various transducers, various actuators, a frequency-domain functional part (filter), 
Others [ active elements /, such as a transformer, an object for a communication link, vibrator for power or a 
resonator, a radiator, and a discriminator, ], It can use as sensor elements for [ various ] sensors, such as an 
ultrasonic sensor, an acceleration sensor and an angular-velocity sensor, and an impact sensor, a mass 
sensor. It can use suitable for various actuators especially used for displacement of various precision 
components, such as an optical instrument and a precision mechanical equipment, etc., or a device of 
positioning adjustment and angle adjustment. 
[0042] 

[Embodiment of the Invention] Hereafter, the example of a gestalt of operation of the piezo-electricity / 
electrostriction device concerning this invention, and its manufacture method is explained, referring to drawing 
1 - drawing 40 . 

[0043] Here, piezo-electricity / electrostriction device is concepts which include the element which changes 
electric energy and mechanical energy mutually by piezo-electricity / electrostriction element. Therefore, it is 
used most suitably as active elements, such as various actuators and vibrator, and a displacement element 
which used the displacement by the inverse piezoelectric effect or the electrostrictive effect especially, and 
also may be suitably used as passive elements, such as an acceleration-sensor element and an impact 
sensor element. 

[0044] As shown in drawing 1 , the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation possess the base 16 with which the sheet metal sections 12a and 12b of the pair which carries out 
phase opposite, and the fixed part 14 which supports these sheet metal sections 12a and 12b were formed in 
one, and piezo-electricity / electrostriction elements 18a and 18b are formed, and it is constituted by the one 
section each of the sheet metal sections 12a and 12b of a pair, respectively. 

[0045] That is, it has the configuration which the sheet metal sections 12a and 12b of a pair displace this 
piezo-electricity / electrostriction device 10 by the drive of said piezo-electricity / electrostriction element 18a, 
and/or 18b, or detects the displacement of the sheet metal sections 12a and 12b by piezo-electricity / 
electrostriction element 18a, and/or 18b. Therefore, in the example of drawing 1 , the actuator sections 19a 
and 19b will consist of the sheet metal sections 12a and 12b, and piezo-electricity / electrostriction elements 
18a and 18b. 
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[0046] Furthermore, it will function as moving part 20a and 20b where a part for each point is made thick 
toward the inner direction, and this thick portion displaces the sheet metal sections 12a and 12b of a pair with 
displacement actuation of the sheet metal sections 12a and 12b. Hereafter, a part for the point of the sheet 
metal sections 12a and 12b of a pair is described as moving part 20a and 20b. 

[0047] In addition, about said base 16, although the whole was constituted using the ceramics or a metal, it is 
good also as hybrid construction which combined what was manufactured with the material of others, the 
ceramics, and a metal. 

[0048] Moreover, as for a base 16, it is desirable to constitute a base 16 from a ceramic layered product which 
could adopt the configuration of the metal integral construction unified by the structure of coming to paste up 
each part with adhesives, such as organic resin and glass, the ceramic integral construction which comes to 
unify a ceramic green layered product by baking, low attachment, soldering, eutectic bonding, or welding, and 
unified the ceramic green layered product by baking preferably. 

[0049] Since a change of state with time hardly arises from not being placed between the joints of each part 
by adhesives, such a unification object of the ceramics can be easily manufactured with the ceramic green 
sheet laminated layers method which the reliability like a joint mentions later in addition to being high and 
structure advantageous to rigid reservation. 

[0050] And piezo-electricity / electrostriction elements 18a and 18b will prepare piezo-electricity / 
electrostriction elements 18a and 18b as an exception object as below-mentioned, and will be stuck on a base 
16 by adhesives, such as organic resin and glass, low attachment, soldering, eutectic bonding, etc., and also 
they will be formed in said the direct base 16 instead of attachment by using the film forming method. 
[0051] Piezo-electricity / electrostriction elements 18a and 18b have piezo-electricity / electrostriction layer 22, 
and the electrodes 24 and 26 of the pair formed in the both sides of this piezo-electricity / electrostriction layer 
22, and are constituted, and one electrode 24 is formed in the sheet metal sections 12a and 12b of a pair at 
least among the electrodes 24 and 26 of this pair. 

[0052] With the gestalt of this operation, the electrodes 24 and 26 of a pair are made into multilayer structure 
at piezo-electricity / electrostriction layer 22 list, respectively. Although the case where it considers as the 
piezo-electricity / electrostriction elements 18a and 18b which carry out the laminating of one electrode 24 and 
the electrode 26 of another side alternately, respectively so that it may become cross-section **** ctenidium- 
like and by which the portion to which one [ these ] electrode 24 and the electrode 26 of another side lap on 
both sides of piezo-electricity / electrostriction layer 22 in between was considered as the multistage 
configuration is explained to a subject You may be not only multilayer structure but monolayer structure. In 
this case, although especially a multilayer number is not limited, ten or less layers are five or less layers 
desirable still more preferably. 

[0053] Drawin g 1 shows the example which made piezo-electricity / electrostriction layer 22 the three-tiered 
structure, formed in the shape of a ctenidium so that one electrode 24 might be located in the inferior surface 
of tongue (side of the sheet metal sections 12a and 12b) of the 1st layer, and the upper surface of a two-layer 
eye, and was formed in the shape of a ctenidium so that the electrode 26 of another side might be located in 
the upper surface of the 1st layer, and the upper surface of the 3rd layer. Since the number of terminals 28 
and 30 can be reduced in one electrode 24 list by carrying out the bond communalization of the electrode 26 
comrades of another side, respectively in this configuration, enlargement of the size accompanying 
multilayering of piezo-electricity / electrostriction elements 18a and 18b can be suppressed. 
[0054] In addition, impression of the voltage to the electrodes 24 and 26 of a pair is performed through the 
terminals (pad) 28 and 30 formed on the both-sides side (element forming face) of a fixed part 14 among each 
electrodes 24 and 26, respectively. The terminal 28 corresponding to one electrode 24 in the location of each 
terminals 28 and 30 is formed in the back end approach of a fixed part 14, and the terminal 30 corresponding 
to the electrode 26 of another side by the side of outer space is formed in the wall approach of a fixed part 14. 
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[0055] In this case, immobilization of piezo-electricity / electrostriction device 10 can be separately performed 
using a field other than the field where terminals 28 and 30 have been arranged, respectively, and high 
reliability can be acquired as a result to the both sides of immobilization of piezo-electricity / electrostriction 
device 10, and the electrical installation between a circuit, a terminal 28, and 30. In this configuration, 
electrical installation of terminals 28 and 30 and a circuit is performed by a flexible printed circuit (called FPC), 
a flexible flat cable (called FFC), wirebonding, etc. 

[0056] Thus, while the driving force of the actuator sections 19a and 19b increases and has and about is 
planned very much by using the piezo-electricity / electrostriction elements 18a and 18b of multilayer 
structure, high resonance frequency-ization is attained and improvement in the speed of displacement 
actuation can attain easily because the rigidity of piezo-electricity / electrostriction device 10 the very thing 
increases. 

[0057] In addition, what is necessary is just to decide a number of stages etc. suitably according to a use and 
a busy condition, in carrying out in order for power consumption to also increase in connection with it although 
increase of the driving force of the actuator sections 19a and 19b is achieved if a number of stages is made 
[ many ]. moreover, in the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation 
Even if it raises the driving force of the actuator sections 19a and 19b by using piezo-electricity / 
electrostriction elements 18a and 18b, fundamentally Since the width of face (distance of Y shaft orientations) 
of the sheet metal sections 12a and 12b is eternal, For example, when applying to actuators, such as 
positioning of the magnetic head for hard disks used in a very narrow gap, and ringing control, it becomes a 
very desirable device. 

[0058] As other examples of piezo-electricity / electrostriction elements 18a and 18b For example, as shown 
in drawing 2 , the example which made piezo-electricity / electrostriction layer 22 5 layer structures, formed 
one electrode 24 in the shape of a ctenidium so that it might be located in the upper surface of the 1st layer, 
the upper surface of the 3rd layer, and the upper surface of the 5th layer, and formed the electrode 26 of 
another side in the shape of a ctenidium so that it might be located in the upper surface of a two-layer eye and 
the upper surface of the 4th layer may be shown. 

[0059] Moreover, similarly piezo-electricity / electrostriction layer 22 is made into 5 layer structures, one 
electrode 24 is formed in the shape of a ctenidium so that it may be located in the upper surface of the 1st 
layer, the upper surface of the 3rd layer, and the upper surface of the 5th layer, and you may make it form the 
electrode 26 of another side in the shape of a ctenidium so that it may be located in the inferior surface of 
tongue of the 1st layer, the upper surface of a two-layer eye, and the upper surface of the 4th layer as shown 
in drawing 3 . 

[0060] In addition, impression of the voltage to the electrodes 24 and 26 of a pair is performed through the 
edge (it is hereafter described as terminal areas 24a and 26a) of each electrodes 24 and 26 formed on layer 
[ 5th ] piezo-electricity / the electrostriction layer 22. Each terminal areas 24a and 26a are estranged and 
formed in the degree which can be insulated electrically. 

[0061] Although the case where it constituted from so-called sandwich structure which made piezo-electricity / 
electrostriction layer 22 intervene between the electrode 24 of a pair and 26 in above-mentioned piezo- 
electricity / electrostriction elements 18a and 18b was shown In addition, as are shown in drawing 4 , and you 
may make it form the electrodes 24 and 26 of the pair of a tandem type in one principal plane of the piezo- 
electricity / electrostriction layer 22 formed in the side of the sheet metal sections 1 2a and 1 2b at least and it 
is shown in drawing 5 The electrodes 24 and 26 of the pair of a tandem type are embedded in the piezo- 
electricity / electrostriction layer 22 formed in the side of the sheet metal sections 12a and 12b at least, and 
you may make it form. 

[0062] In the case of the structure shown in drawing 4 , there is an advantage that power consumption can be 
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stopped low, and, in the case of the structure shown in drawing 5 , it becomes very advantageous to 
generating of an about from it being the structure where the inverse piezoelectric effect of the big direction of 
electric field of distortion and the generating force can be used effectively. 

[0063] Specifically, the piezo-electricity / electrostriction elements 18a and 18b which are shown in drawing 4 
have the structure where come to form the electrodes 24 and 26 of the pair of tandem-type structure in one 
principal plane of piezo-electricity / electrostriction layer 22, and one electrode 24 and the electrode 26 of 
another side counter mutually with the gap 32 of fixed width of face alternately. Although drawing 4 showed 
the example which formed the electrodes 24 and 26 of a pair in one principal plane of piezo-electricity / 
electrostriction layer 22 In addition, may make it form the electrodes 24 and 26 of a pair between the sheet 
metal sections 12a and 12b, and the piezo-electricity / electrostriction layer 22, and You may make it form the 
electrodes 24 and 26 of the pair of a tandem type in the 1 principal-plane list of piezo-electricity / 
electrostriction layer 22, respectively between the sheet metal sections 12a and 12b, and the piezo- 
electricity / electrostriction layer 22. 

[0064] On the other hand, the electrodes 24 and 26 of the pair of tandem-type structure are formed, and the 
piezo-electricity / electrostriction elements 18a and 18b which are shown in drawin g 5 have the structure 
where one electrode 24 and the electrode 26 of another side counter mutually with the gap 32 of fixed width of 
face alternately so that it may be embedded in piezo-electricity / electrostriction layer 22. 
[0065] It can use suitable for the piezo-electricity / electrostriction device 10 which piezo-electricity / 
electrostriction elements 18a and 18b as shown in such drawing 4 and drawing 5 also require for the gestalt 
of this operation. Like the piezo-electricity / electrostriction elements 18a and 18b which are shown in drawing 
4 and drawing 5 , when using the electrodes 24 and 26 of the pair of a tandem type, it is making small the 
pitch D of the ctenidium of each electrodes 24 and 26, and it is possible to enlarge displacement of piezo- 
electricity / electrostriction elements 18a and 18b. 

[0066] And the distance Lc between end-face 34a which counters mutually and 34b of moving part 20a and 
20b As it is carried out to more than length (correctly length of Z shaft orientations of moving parta [ 20 ] and 
20b) Df of moving part 20a and 20b and is shown in drawing 1 between these end-faces 34a and 34b Like the 
piezo-electricity / electrostriction devices 10a and 10b concerning the 1st and 2nd modifications which you 
may make it make an opening (air) 36 intervene, and are shown in drawing 6 and drawing 7 You may make it 
make two or more members which consist of the same quality of the material as a configuration member or 
the different quality of the material of moving part 20a and 20b intervene among these end faces 34a and 
34b. In this case, the end faces 34a and 34b which counter mutually [ each moving part 20a and 20b ] will 
function as clamp faces 34a and 34b. 

[0067] The piezo-electricity / electrostriction device 10a concerning the 1st modification shown in drawing 6 
show the case where set up the distance Lc between clamp-face 34a and 34b by about 1 .5 times the length 
Df of moving part 20a and 20b, and three spacing members 37A, 37B, and 37C of the thickness respectively 
almost same between clamp-face 34a and 34b are made to intervene. 

[0068] The piezo-electricity / electrostriction device 10b concerning the 2nd modification shown in drawing 7 
show the case where set up the distance Lc between clamp-face 34a and 34b by about 1.5 times the length 
Df of moving part 20a and 20b, and one big spacing member 37 is pasted up between clamp-face 34a and 
34b through adhesives 38. 

[0069] Furthermore, in the piezo-electricity / electrostriction device 10b which starts the 2nd modification, for 
example, as shown, for example in drawing 8 , it is desirable to make almost equal distance La and Lb from 
the medial axis n of a spacing member 37 to each end faces 34a and 34b. 
[0070] In the piezo-electricity / electrostriction devices 10a and 10b concerning these 1st and 2nd 
modifications In three spacing member 37A - 37C (refer to drawing 6 ) lists, a spacing member 37 (refer to 
drawing 7 ) The configuration of a rectangular parallelepiped is presented mostly and the area of each side 
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(field which counters the moving part 20a and 20b of the sheet metal sections 12a and 12b) is set up almost 
similarly to the area of the clamp faces 34a and 34b in the moving part 20a and 20b of the sheet metal 
sections 12a and 12b. 

[0071] Here, actuation of the piezo-electricity / electrostriction device 10b concerning the 2nd modification is 
explained, first, two piezo-electricity / electrostriction elements 18a and 18b - the natural condition 18a and 
18b, i.e., piezo-electricity / electrostriction elements, - both - displacement - when not operating, it is shown 
in drawing 8 - as - the major axis (medial axis of a fixed part 14) m of piezo-electricity / electrostriction device 
10b, and the medial axis n of a spacing member 37 - about - I am doing one. 

[0072] From this condition, as shown, for example in the wave form chart of drawing 9 A, the sine wave Wa 
which has the predetermined bias potential Vb is applied to the electrodes 24 and 26 of the pair in one piezo- 
electricity / electrostriction element 18a, and as shown in drawin g 9 B, the sine wave Wb from which about 
about 180 degrees of phases differ is applied to the electrodes 24 and 26 of the pair in the piezo-electricity / 
electrostriction element 18b of another side in said sine wave Wa. 

[0073] And in the phase where the voltage of maximum was impressed as opposed to the electrodes 24 and 
26 of the pair in one piezo-electricity / electrostriction element 18a, the piezo-electricity / electrostriction layer 
22 in one piezo-electricity / electrostriction element 18a carry out contraction displacement in the direction of a 
principal plane. By this, as shown in drawing 10 , as shown in an arrow head A, to one sheet metal section 
12a This sheet metal section 12a since the stress of the direction sagged rightward occurs, for example, one 
[ this ] sheet metal section 12a It bends rightward, and since it will be in the condition that voltage is not 
impressed to the electrodes 24 and 26 of the pair in the piezo-electricity / electrostriction element 18b of 
another side, at this time, sheet metal section 12b of another side follows bending of one sheet metal section 
12a, and bends rightward. Consequently, a spacing member 37 is displaced rightward as opposed to the 
major axis m of piezo-electricity / electrostriction device 10b in moving-part 20a and 20b list. In addition, the 
amount of displacement also becomes large, so that the amount of displacement changes according to the 
maximum of the voltage impressed to each piezo-electricity / electrostriction elements 18a and 18b, for 
example, maximum becomes large. 

[0074] When the piezo-electricity / electrostriction material which has a high coercive electric field as a 
component of piezo-electricity / electrostriction layer 22 especially are applied, you may make it adjust said 
bias potential so that the level of the minimum value may turn into negative level slightly as shown in the wave 
of the two-dot chain line of drawing 9 A and drawing 9 B. In this case, the stress of the same direction occurs 
with the bending direction of one sheet metal section 12a in sheet metal section 12b of another side, and the 
drive of the piezo-electricity / electrostriction element (for example, piezo-electricity / electrostriction element 
18b of another side) to which this negative level is impressed enables it to enlarge the amount of 
displacement of a spacing member 37 more at moving-part 20a and 20b list. That is, the piezo-electricity / 
electrostriction element 18b, or 18a to which negative level is impressed can give the function to consider as a 
support the piezo-electricity / electrostriction element 18a, or 18b which is the subject of displacement 
actuation, by using a wave as shown in the two-dot chain line in drawing 9 A and drawing 9 B. 
[0075] Thus, it sets to the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation. 
In order for displacement with minute piezo-electricity / electrostriction elements 18a and 18b to be amplified 
by big displacement actuation using bending of the sheet metal sections 12a and 12b and to transmit to 
moving part 20a and 20b, It becomes possible to carry out displacement of the moving part 20a and 20b 
greatly to the major axis m of piezo-electricity / electrostriction device 10b. 

[0076] He is trying to establish especially the clamp faces 34a and 34b which counter mutually in moving part 
20a and 20b with the gestalt of this operation. By in this case, the thing made for the member lighter than the 
configuration member of moving part 20a and 20b among said clamp faces 34a and 34b which counter 
mutually in making into an opening 36 between the clamp faces 34a and 34b which counter mutually to 
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intervene It becomes possible to raise resonance frequency, without being able to attain effectively 
lightweight-ization of moving part 20a and 20b, and reducing the amount of displacement of moving part 20a 
and 20b. 

[0077] Here, frequency switches in alternation the voltage impressed to the electrodes 24 and 26 of a pair, 
and shows the frequency of the voltage waveform when carrying out displacement of the moving part 20a and 
20b to right and left, and resonance frequency shows the maximum frequency which displacement actuation 
of moving part 20a and 20b can follow by the predetermined oscillation mode. 

[0078] Moreover, it sets to the piezo-electricity / electrostriction device 10 concerning the gestalt of this 
operation. Since the fixed part 14 is united with moving part 20a and 20b, sheet metal section 12a, and 12b 
list and the piezo-electricity / electrostriction material which is a brittle and comparatively heavy material do 
not need to constitute all portions, A mechanical strength is high, is excellent in handling nature, shock 
resistance, and moisture resistance, and has on actuation the advantage of being hard to be influenced of a 
harmful vibration (for example, residual vibration and noise vibration at the time of a fast operation). 
[0079] Furthermore, in the gestalt of this operation, when between the clamp faces 34a and 34b which 
counter mutually is made into an opening 36, moving-part 20a containing one clamp-face 34a and moving- 
part 20b containing clamp-face 34b of another side become easy to bend, and it becomes strong to 
deformation. Therefore, it will excel in the handling nature of piezo-electricity / electrostriction device 10. 
[0080] Moreover, the surface area of moving part 20a and 20b becomes large by existence of said clamp 
faces 34a and 34b which counter mutually. Therefore, when attaching other components in moving part 20a 
and 20b, the large clamp-face product can be taken and the attachment nature of components can be raised. 
Here, goods will paste up components not only through the principal plane (a front face and/or back) of 
moving part 20a and 20b but through the clamp faces 34a and 34b which counter mutually, considering the 
case where it fixes with adhesives etc., and components can be fixed certainly. 

[0081] In the gestalt of this operation piezo-electricity / electrostriction elements 18a and 18b Moreover, piezo- 
electricity / electrostriction layer 22, Since the electrodes 24 and 26 of the pair formed in the both sides of this 
piezo-electricity / electrostriction layer 22 are had and constituted and one electrode 24 was directly formed in 
the side of the sheet metal sections 12a and 12b at least among the electrodes 24 and 26 of a pair Vibration 
by piezo-electricity / electrostriction elements 18a and 18b can be efficiently transmitted to moving part 20a 
and 20b through the sheet metal sections 12a and 12b, and improvement in responsibility can be aimed at. 
[0082] Moreover, he is trying to form continuously from a part of fixed part 14 in the gestalt of this operation, 
applying [ to which the electrodes 24 and 26 of a pair lap on both sides of piezo-electricity / electrostriction 
layer 22 in between ] it to a part of sheet metal sections 12a and 12b (a part for the substantial mechanical 
component 40), as shown, for example in drawing 1 . Although there is a possibility that deformation for said 
substantial mechanical component [ 40 ] and deformation of the sheet metal sections 12a and 12b may 
conflict, and it may become impossible for displacement actuation of moving part 20a and 20b to obtain big 
displacement when it forms in some moving part 20a and 20b further, having applied a part for the substantial 
mechanical component 40 Since it forms with the gestalt of this operation so that a part for said substantial 
mechanical component 40 may not be applied to both moving part 20a and 20b and the fixed part 14, Un- 
arranging [ that displacement actuation of moving part 20a and 20b is restricted ] is avoided, and the amount 
of displacement of moving part 20a and 20b can be enlarged. 

[0083] On the contrary, when forming piezo-electricity / electrostriction elements 18a and 18b in some moving 
part 20a and 20b, it is desirable to form so that the amount of [ 40 ] said substantial mechanical component 
may make it applied and located in a part of sheet metal sections 12a and 12b from some moving part 20a 
and 20b. This is because displacement actuation of moving part 20a and 20b will be restricted as mentioned 
above if a part for the substantial mechanical component 40 is formed over a part of fixed part 14. 
[0084] Although the above-mentioned example showed the example which established clamp faces 34a and 
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34b in moving part 20a and 20b, you may make it form end faces 34a and 34b in a fixed part 14 like the 
piezo-electricity / electrostriction device 10c concerning the 3rd modification shown in drawing 1 1 . The 
moving part 20a and 20b established in a part for the point of the sheet metal sections 12a and 12b of a pair 
in this case has the configuration connected with one, and the end faces 34a and 34b which counter a fixed 
part 14 mutually will be formed. 

[0085] It becomes possible to fix firmly the piezo-electricity / electrostriction device 10c concerning this 3rd 
modification to a predetermined fixed portion in addition to the effect in the case of having the clamp faces 
34a and 34b which counter mutually by this the moving part 20a and 20b which mentioned above, and 
improvement in reliability can be aimed at. As for the length for the substantial mechanical component 40, it is 
desirable to carry out to 20% - 95% of the length of the sheet metal sections 12a and 12b, and it is still more 
desirable to consider as 40% - 80%. 

[0086] Next, the desirable example of a configuration of the piezo-electricity / electrostriction device 10 
concerning the gestalt of this operation is explained. 

[0087] First, in order to make displacement actuation of moving part 20a and 20b into a positive thing, it is 
desirable to make or more [ of the thickness Dd of the sheet metal sections 12a and 12b ] into 1/2 distance Dg 
the amount of [ of piezo-electricity / electrostriction elements 18a and 18b / 40 ] substantial mechanical 
component starts a fixed part 14 or moving part 20a and 20b. 

[0088] and the ratio of the distance Da between the walls of the sheet metal sections 12a and 12b (distance of 
X shaft orientations), and the width of face (distance of Y shaft orientations) Db of the sheet metal sections 
12a and 12b - it constitutes so that Da/Db may be set to 0.5-20. Aforementioned ratio Da/Db is preferably set 
to 1-15, and is set to 1-10 still more preferably, this ratio - the default value of Da/Db - the displacement of 
moving part 20a and 20b -- it is the convention based on discovery of an amount being enlarged and being 
able to obtain the displacement in a X-Z plane dominantly. 

[0089] on the other hand - the ratio of the length (distance of 2 shaft orientations) De of the sheet metal 
sections 12a and 12b, and the distance Da between the walls of the sheet metal sections 12a and 12b - in 
De/Da, it is desirable for it to be preferably referred to as 0.5-10, and to be referred to as 0.5-5 still more 
preferably, this ratio - the displacement of the moving part 20a and 20b between which, as for the default 
value of De/Da, it was placed by the spacing member (37A-37C, and 37) - resonance frequency high [ that 
an amount can be enlarged ] - displacement - it can operate - ** (a high speed of response can be attained) 
— it is the convention based on the discovery to say. 

[0090] therefore, the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation - the 
influence by Y shaft orientations - displacement - Or in order to consider as the structure of controlling 
vibration, and excelling in high-speed responsibility, and having big displacement by the low battery relatively 
a ratio - Da/Db - 0.5-20 - carrying out - and a ratio - setting De/Da to 0.5-10 - desirable - further - 
desirable - a ratio - Da/Db — 1-10 — carrying out - and a ratio - it is setting De/Da to 0.5-5. 
[0091] Furthermore, in the piezo-electricity / electrostriction device 10b which starts the 2nd modification, for 
example, although a pore 42 will be formed with both the walls of the sheet metal sections 12a and 12b of a 
pair, the wall of moving part 20a and 20b, the wall (and wall of adhesives 38) of a spacing member 37, and 
the wall of a fixed part 14, it is desirable to fill up this pore 42, gel material, for example, silicon gel. Usually, 
although displacement actuation of moving part 20a and 20b will receive a limit by existence of a filler Since 
he is trying to attain lightweight-izing and increase-izing of the amount of displacement of moving part 20a and 
20b accompanying the formation of end faces 34a and 34b to moving part 20a and 20b in this 2nd 
modification, A limit of displacement actuation of the moving part 20a and 20b by said filler is negated, and 
the effect by existence of a filler, i.e., a raise in resonance frequency, and rigid reservation can be realized. 
[0092] Moreover, the short thing of the length (distance of Z shaft orientations) Df of moving part 20a and 20b 
is desirable. It is because increase of lightweight-izing and resonance frequency is achieved by shortening. 
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Furthermore, displacement can be raised in case goods are pinched, however - in order to secure the rigidity 
of X shaft orientations of moving part 20a and 20b and to make the displacement into a positive thing - a ratio 
with the thickness Dd of the sheet metal sections 12a and 12b ~ it is desirable to make Df/Dd or more into five 
preferably two or more. 

[0093] In addition, the actual size of each part will be set to the reinforcement of the plane-of-composition 
product [ for installation ], and piezo-electricity / electrostriction devices, such as plane-of-composition product 
[ for attaching the plane-of-composition product for installation of the components to moving part 20a and 20b 
and a fixed part 14 in other members ], and terminal for electrodes, 10 whole, durability, and the required 
amount list of displacement in consideration of resonance frequency, driver voltage, etc. 
[0094] 100 micrometers - 2000 micrometers are specifically desirable still more desirable, and the distance Da 
between the walls of the sheet metal sections 12a and 12b is 200 micrometers - 1600 micrometers. 50 
micrometers - 2000 micrometers are desirable still more desirable, and the width of face Db of the sheet metal 
sections 12a and 12b is 100 micrometers - 500 micrometers, the thickness Dd of the sheet metal sections 12a 
and 12b - the displacement to Y shaft orientations - the influence which is a component - in relation with the 
width of face Db of the sheet metal sections 12a and 12b, it considers as Db>Dd and 2 micrometers - 100 
micrometers are 10 micrometers - 80 micrometers desirable still more preferably so that displacement can 
control effectively. 

[0095] 200 micrometers - 3000 micrometers are desirable still more desirable, and the length De of the sheet 
metal sections 12a and 12b is 300 micrometers - 2000 micrometers. 50 micrometers - 2000 micrometers are 
100 micrometers - 1000 micrometers desirable still more preferably, and the length Df of moving part 20a and 
20b is 200 micrometers - 600 micrometers more preferably. 

[0096] Although the displacement of Y shaft orientations does not exceed 10% to the displacement of X shaft 
orientations by making it such a configuration, the extremely excellent effect that a low-battery drive is 
possible by adjusting suitably in the above-mentioned rate of a proportion and the range of an actual size, and 
the displacement component to Y shaft orientations can be controlled to 5% or less is shown. That is, moving 
part 20a and 20b will displace to 1 shaft orientations of X shaft orientations substantially, moreover, is 
excellent in high-speed responsibility, and can get big displacement by the low battery relatively. 
[0097] Moreover, it sets to this piezo-electricity / electrostriction device 10. tabular [ the tabular configuration 
of a device is / like before ] (displacement - the thickness of the direction which intersects perpendicularly 
with a direction is small) - not but Moving part 20a and 20b and a fixed part 14 are presenting the 
configuration (the thickness of the direction which intersects perpendicularly in the displacement direction is 
large) of a rectangular parallelepiped. Since the sheet metal sections 12a and 12b of a pair are formed so that 
the side of moving part 20a and 20b and a fixed part 14 may continue, rigidity of Y shaft orientations of piezo- 
electricity / electrostriction device 10 can be alternatively made high. 

[0098] That is, in this piezo-electricity / electrostriction device 10, only actuation of the moving part 20a and 
20b within a plane (inside of XZ plane) can be generated alternatively, and the actuation within YZ side of 
moving part 20a and 20b (the so-called actuation of the influence direction) can be controlled. 
[0099] Next, each component of the piezo-electricity / electrostriction device 1 0 concerning the gestalt of this 
operation is explained. 

[0100] As moving part 20a and 20b mentioned above, it is the portion which operates based on the amount of 
drives of the sheet metal sections 12a and 12b, and various members are attached according to the purpose 
of using piezo-electricity / electrostriction device 10. For example, if it is the case where piezo-electricity / 
electrostriction device 10 is used as a displacement element, the shield of an optical shutter etc. will be 
attached, and if it is especially used for positioning and the ringing inhibition mechanism of the magnetic head 
of a hard disk drive, the member which needs positioning of the suspension which has the slider which has 
the magnetic head and the magnetic head, and a slider will be attached. 
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[0101] A fixed part 14 is a portion which supports moving part 20a and 20b in sheet metal section 12a and 
12b list as mentioned above, for example, when using for positioning of the magnetic head of said hard disk 
drive, whole piezo-electricity / electrostriction device 10 are fixed to a fixed plate or a suspension attached in 
the carriage arm attached in VCM (voice coil motor), and this carriage arm by carrying out support 
immobilization of the fixed part 14. Moreover, as shown in drawin g 1 , the terminal 28 for driving piezo- 
electricity / electrostriction elements 18a and 18b and the member of 30 and others may be arranged at this 
fixed part 14. 

[0102] Although it is not limited as a material which constitutes a fixed part 14 in moving-part 20a and 20b list 
especially as long as it has rigidity, the ceramics which can apply the ceramic green sheet laminated layers 
method mentioned later can be used suitably. Although the material which uses zirconias including stabilized 
zirconia and partially stabilized zirconia, an alumina, a magnesia, silicon nitride, alumimium nitride, and 
titanium oxide as a principal component is specifically mentioned and also the material which used such 
mixture as the principal component is mentioned, the material with which a mechanical strength and 
toughness use a zirconia, especially stabilized zirconia as a principal component in a high point, and the 
material which uses partially stabilized zirconia as a principal component are desirable. Moreover, in a 
metallic material, although it is not limited as long as it has rigidity, stainless steel, nickel, etc. are mentioned. 
[0103] The sheet metal sections 12a and 12b are portions driven with the displacement of piezo-electricity / 
electrostriction elements 18a and 18b, as mentioned above, telescopic motion of the piezo-electricity / 
electrostriction elements 18a and 18b which the sheet metal sections 12a and 12b are the members of the 
shape of sheet metal which has flexibility, and were arranged in the surface — displacement - crookedness - 
it amplifies as displacement and has the function transmitted to moving part 20a and 20b. Therefore, if the 
configuration and the quality of the material of the sheet metal sections 12a and 12b have flexibility and have 
the mechanical strength of the degree which is not damaged by flexion deformity, it is sufficient for them, and 
they can be suitably chosen in consideration of the responsibility of moving part 20a and 20b, and operability. 
[0104] As for the thickness Dd of the sheet metal sections 12a and 12b, it is desirable to be referred to as 2 
micrometers - about 100 micrometers, and it is [ the thickness which doubled the sheet metal sections 12a 
and 12b, and the piezo-electricity / electrostriction elements 18a and 18b ] desirable to be referred to as 7 
micrometers - 500 micrometers. As for the thickness of 0.1 micrometers - 50 micrometers, and the piezo- 
electricity / electrostriction layer 22, it is [ the thickness of electrodes 24 and 26 ] desirable to be referred to as 
3 micrometers - 300 micrometers. 

[0105] By the ability using suitably the same ceramics as moving part 20a and 20b or a fixed part 14 as a 
material which constitutes the sheet metal sections 12a and 12b, even if a zirconia, the material which uses 
stabilized zirconia as a principal component especially, and the material which uses partially stabilized 
zirconia as a principal component are thin meat, it is most suitably used from that a mechanical strength is 
large, that toughness is high, and reactivity with piezo-electricity / electrostriction layer, or electrode material 
being small. 

[0106] Moreover, as an iron system material, it is desirable to constitute from various stainless steel and 
various spring steel steel materials, and it is desirable, although to have flexibility and what is necessary is 
just the metallic material which can be deformed by flexion as above-mentioned, also when it constitutes from 
a metallic material preferably as a non-iron system material to constitute from beryllium copper, phosphor 
bronze, nickel, and a ferronickel alloy. 

[0107] That by which partial stabilization was carried out as follows in partially stabilized zirconia in the 
stabilization list at said stabilized zirconia list is desirable. That is, the stabilization of a zirconia made into the 
purpose is [ add / not only addition of one kind of compound but / yttrium oxide, ytterbium oxide, cerium oxide, 
a calcium oxide, and a magnesium oxide being in a stabilization list as a compound which carries out partial 
stabilization, and adding one of compounds / them / and making a zirconia contain at least, or / combining 
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these compounds ] possible. 

[0108] In addition, as an addition of each compound, if it is in the case of yttrium oxide or ytterbium oxide 1- 
30-mol % - preferably, if it is in the case of 1.5-1 0-mol % and cerium oxide 6-50-mol % - preferably, if it is in 
the case of 8-20-mol % and a calcium oxide, or a magnesium oxide Although it is desirable % and to 5-40-mol 
consider as 5-20-mol % preferably, also especially in it, it is desirable to use yttrium oxide as a stabilizing 
agent, and it is desirable % and to 1 .5-1 0-mol consider as 2-4-mol % still more preferably in that case. 
Moreover, although it is possible to add an alumina, a silica, a transition-metals oxide, etc. in 0.05 - 20wt% as 
additives, such as sintering acid, when adopting the baking unification by the film forming method as the 
formation technique of piezo-electricity / electrostriction elements 18a and 18b, it is also desirable to add an 
alumina, a magnesia, a transition-metals oxide, etc. as an additive. 

[0109] In addition, it is desirable to set preferably 0.05-3 micrometers of average crystal particle diameter of a 
zirconia to 0.05-1 micrometer so that a mechanical strength and the stable crystal phase may be obtained. 
Moreover, although the same ceramics as a fixed part 14 can be used for moving-part 20a and 20b list about 
the sheet metal sections 12a and 12b as mentioned above, constituting preferably using the same material 
substantially is advantageous when aiming at reduction of the reliability for a joint, the reinforcement of piezo- 
electricity / electrostriction device 10, and the complicatedness of manufacture. 

[01 10] Although piezo-electricity / electrostriction elements 18a and 18b have the electrodes 24 and 26 of the 
pair for applying electric field to piezo-electricity / electrostriction layer 22, and this the piezo-electricity / 
electrostriction layer 22 at least and piezo-electricity / electrostriction elements, such as a uni-morph mold and 
a bimorph mold, can be used for them It excels in the stability of the amount of displacement to generate, and 
since it is advantageous to lightweight-izing, the direction of the uni-morph mold combined with the sheet 
metal sections 12a and 12b is suitable for such piezo-electricity / an electrostriction device 10. 
[01 1 1] Said piezo-electricity / electrostriction elements 18a and 18b have the desirable direction formed in the 
side of the sheet metal sections 12a and 12b at the point that the sheet metal sections 12a and 12b can be 
made to drive more greatly, as shown in drawing 1 . 

[01 12] Although electrostrictive ceramics is suitably used for piezo-electricity / electrostriction layer 22, it is 
also possible to use the electrostriction ceramics, the ferroelectric ceramics, or the antiferroelectric crystal 
ceramics. However, since linearity with the amount of displacement of moving part 20a and 20b, driver 
voltage, or output voltage is made important when using this piezo-electricity / electrostriction device 10 for 
positioning of the magnetic head of a hard disk drive etc., it is desirable to use the small material of distortion 
hysteresis, and it is desirable that a coercive electric field uses a material 10kV [/mm ] or less. 
[01 13] The ceramics which is independent or contains lead zirconate, lead titanate, magnesium niobic acid 
lead, nickel niobic acid lead, zinc niobic acid lead, manganese niobic acid lead, antimony stannic-acid lead, a 
manganese lead wolframate, cobalt niobic acid lead, barium titanate, a titanic-acid sodium bismuth, niobic 
acid potassium sodium, a tantalic acid strontium bismuth, etc. as mixture as a concrete material is mentioned. 

[01 14] Especially, it has a high electromechanical coupling coefficient and a high piezoelectric constant, and 
reactivity with the sheet metal sections 12a and 12b at the time of sintering of piezo-electricity / electrostriction 
layer 22 (ceramics) is small, and the material which uses lead zirconate, lead titanate, and magnesium niobic 
acid lead as a principal component, or the material which uses a titanic acid sodium bismuth as a principal 
component is suitably use in the point that the thing of the stable presentation is obtain. 
[0115] Furthermore, the ceramics which is independent or mixed oxides, such as a lanthanum, calcium, 
strontium, molybdenum, a tungsten, barium, niobium, zinc, nickel, manganese, a cerium, cadmium, 
chromium, cobalt, antimony, iron, an yttrium, a tantalum, a lithium, a bismuth, and tin, etc. into said material 
may be used. 

[0116] For example, an advantage, like adjustment of a coercive electric field and a piezo-electric property is 
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attained can be acquired by making the lead zirconate, lead titanate, and magnesium niobic acid lead which 
are a principal component contain a lanthanum and strontium. 

[01 17] In addition, as for addition of materials which are easy to vitrify, such as a silica, avoiding is desirable. 
It is because materials, such as a silica, tend to react with piezo-electricity / elect restrict ion material at the 
time of heat treatment of piezo-electricity / electrostriction layer 22, the presentation is fluctuated and a piezo- 
electric property is degraded. 

[0118] On the other hand, the electrodes 24 and 26 of the pair of piezo-electricity / electrostriction elements 
18a and 18b Are a solid-state at a room temperature and it is desirable to consist of metals excellent in 
conductivity. For example, aluminum, titanium, chromium, iron, cobalt, nickel, copper, Zinc, niobium, 
molybdenum, a ruthenium, palladium, a rhodium, silver, Metal simple substances, such as tin, a tantalum, a 
tungsten, iridium, platinum, gold, and lead, or these alloys are used, and the cermet material which made 
these distribute the same material as piezo-electricity / electrostriction layer 22, or the sheet metal sections 
12a and 12b further may be used. 

[0119] It opts for the material selection of the electrodes 24 and 26 in piezo-electricity / electrostriction 
elements 18a and 18b depending on the formation method of piezo-electricity / electrostriction layer 22. For 
example, when forming piezo-electricity / electrostriction layer 22 by baking on one [ this ] electrode 24 after 
forming one electrode 24 on sheet metal section 12a and 12b Although it is necessary to use refractory 
metals, such as platinum which does not change in the burning temperature of piezo-electricity / 
electrostriction layer 22, palladium, a platinum-palladium alloy, and a silver-palladium alloy, for one electrode 
24 After forming piezo-electricity / electrostriction layer 22, since the electrode 26 of another side of the 
outermost layer formed on this piezo-electricity / electrostriction layer 22 can perform electrode formation at 
low temperature, low melting point metals, such as aluminum, gold, and silver, can be used for it as a 
principal component. 

[0120] Moreover, as for the thickness of electrodes 24 and 26, it is desirable to use materials, such as the 
organic metal paste with which a precise and thinner film is obtained after baking, for example, a golden 
resinate paste, a platinum resinate paste, and a silver resinate paste, for the electrode in which the factor 
which reduces the displacement of piezo-electricity / electrostriction elements 18a and 18b not a little is 
formed after baking of a sake, especially the piezo-electricity / electrostriction layer 22. 

[0121] Although the above-mentioned example showed the case where thickness of moving part 20a and 20b 
formed in a part for the point of the sheet metal sections 12a and 12b at one was made thicker than the 
thickness Dd of the sheet metal sections 12a and 12b In addition, like the piezo-electricity / electrostriction 
device 10d concerning the 4th modification shown in drawing 12 , even if almost the same as the thickness 
Dd of the sheet metal sections 12a and 12b in the thickness of moving part 20a and 20b, it is good. Thereby, 
when attaching goods in moving part 20a and 20b, it becomes possible to attach so that the goods of the 
magnitude equivalent to the distance between sheet metal section 12a and 12b may be put between moving- 
part 20a and 20b. In this case, the adhesives field (for example, adhesives 38 of drawing 7 ) for attaching 
goods will correspond to moving part 20a and 20b. 

[0122] And piezo-electricity / electrostriction device 10 can be used suitable for various sensors, such as an 
ultrasonic sensor, an acceleration sensor and an angular-velocity sensor, and an impact sensor, a mass 
sensor, and has the further advantage that sensitivity settling of a sensor can be performed easily, by 
adjusting suitably the size of the body attached between end faces 34a and 34b thru/or sheet metal section 
12a, and 12b. 

[0123] Next, it explains, referring to drawing 13 - drawing 15 about the piezo-electricity / electrostriction 
devices 10e-10g concerning the 5th as a gestalt of more desirable operation of this invention - the 7th 
modification. 

[0124] First, although the piezo-electricity / electrostriction device 10e concerning the 5th modification have 
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the almost same configuration as the piezo-electricity / electrostriction device 10 explained until now as shown 
in drawing 13 , the configurations of piezo-electricity / electrostriction elements 18a and 18b etc. differ in 
respect of the following. 

[0125] That is, piezo-electricity / electrostriction layer 22 is made into 4 layer structures, piezo-electricity / 
electrostriction elements 18a and 18b are formed in the shape of a ctenidium so that one electrode 24 may be 
located in the upper surface of the 1st layer, and the upper surface of the 3rd layer, and they are formed in the 
shape of a ctenidium so that the electrode 26 of another side may be located in the inferior surface of tongue 
of the 1st layer, the upper surface of a two-layer eye, and the upper surface of the 4th layer. 
[0126] It is formed mostly continuously, especially covering [ of another side located in the inferior surface of 
tongue of the 1st layer / 26 ] it over each side of the sheet metal sections 12a and 12b, moving part 20a and 
20b, and a fixed part 14, and further, it is detached in part in the side of a fixed part 14, and constitutes the slit 
70. 

[0127] The meaning which formed this slit 70 does not make the actuator in the back end section 72 (portion 
from the back end side edge section of a slit 70 to the back end of a fixed part 14) of **: piezo-electricity / 
electrostriction elements 18a and 18b drive, ** : it is making a short circuit hard to produce at the edge of one 
terminal 28, and arranging an electrode material on the inferior surface of tongue of the piezo-electricity / 
electrostriction layer 22 in the back end section of **:piezo-electricity / electrostriction elements 18a and 18b. 
[0128] In addition, in the case which is not desirable on the contrary, forming a slit 70 does not necessarily 
need to form a slit 70, and it may omit it. 

[0129] If shown in drawing 13 , the thickness Dd of the sheet metal sections 12a and 12b here 0.05mm, The 
distance Dh from the side of one sheet metal section 12a to the side of sheet metal section 12b of another 
side 1.3mm, The length Di (the length of the fixed part 14 in alignment with shaft orientations (piezo- 
electricity / electrostriction device 10f)) of a fixed part 14 0.4mm, The length Df of moving part 20a and 20b 
the width of face Dj of 0.3mm and moving part 20a and 20b 0.25mm, The length Dm (distance from the tip of 
moving part 20a and 20b to the back end of a fixed part 14) of the whole (0.05mm, and piezo-electricity / 
electrostriction device 10f) of the amount Dk of protrusions of moving part 20a and 20b is 1.9mm. The case 
where the minimum distance between end-face 34a and 34b (it is equivalent to the distance Lc of drawin g 1 ) 
is 1.04mm is shown. 

[0130] The size of each part is controlled in **10% of range to an above-mentioned size, and if moving part 
20a and 20b is connected by the spacing member 37 of the same quality of the material as a configuration 
member as shown in drawing 7 between end-face 34a and 34b in this case, the resonance frequency of 
45**1 0kHz, and the piezo-electricity / electrostriction device beyond displacement 0.5micrometer (30Vpp) will 
be obtained. 

[0131] Although drawing 13 shows that each end face of the piezo-electricity / electrostriction layer 22 of 4 
layer structure is arranged, it is desirable to make it go to the method of inside gradually as it becomes the 
upper layer about the end face of piezo-electricity / electrostriction layer 22, and to prepare a level difference. 
[0132] Next, the piezo-electricity / electrostriction device 10f concerning the 6th modification, although it has 
the almost same configuration as the piezo-electricity / electrostriction device 10e concerning the 5th 
modification as shown in drawing 14 , the configurations of piezo-electricity / electrostriction elements 18a and 
18b differ in respect of the following. 

[0133] That is, piezo-electricity / electrostriction layer 22 is made into a three-tiered structure, piezo- 
electricity / electrostriction elements 18a and 18b are formed in the shape of a ctenidium so that one electrode 
24 may be located in a part of inferior surface of tongue of the 1st layer, and the upper surface of a two-layer 
eye, and they are formed in the shape of a ctenidium so that the electrode 26 of another side may be located 
in a part of inferior surface of tongue of the 1st layer, the upper surface of the 1st layer, and the upper surface 
of the 3rd layer. 



http://www4. ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/23/2004 



Page 18 of 27 



[0134] While is especially located in the inferior surface of tongue of the 1st layer. An electrode 24 and 
another side an electrode 26 The electrode of another side which is separated through the slit 70 in a part of 
sheet metal sections 12a and 12b, and is located in the inferior surface of tongue of the 1st layer While is 
located in the inferior surface of tongue of the 1st layer, and it is continuously applied and formed in the upper 
limit of moving part 20a and 20b from a slit 70, and is continuously formed from the slit 70, covering [ 24 ] it 
over the back end of a fixed part 14. 

[0135] Next, the piezo-electricity / electrostriction device 10g concerning the 7th modification, although it has 
the almost same configuration as the piezo-electricity / electrostriction device 10f concerning the 6th 
modification as shown in drawing 15 , the formation patterns of the electrodes 24 and 26 of a pair differ in 
respect of the following. 

[0136] That is, one electrode 24 is formed in the shape of a ctenidium so that it may be located in the inferior 
surface of tongue of the layer [ 1 st ] piezo-electricity / the electrostriction layer 22, and the upper surface of a 
two-layer eye, and the electrode 26 of another side is formed in the shape of a ctenidium so that it may be 
located in the upper surface of the layer [ 1st ] piezo-electricity / the electrostriction layer 22, and the upper 
surface of the 3rd layer. 

[0137] Especially, while is located in the inferior surface of tongue of the 1st layer, and it is continuously 
formed in each side of the sheet metal sections 12a and 12b, moving part 20a and 20b, and a fixed part 14, 
covering an electrode 24. 

[0138] If the difference between the piezo-electricity / electrostriction device 10f concerning the 6th 
modification is explained here, the piezo-electricity / electrostriction device 10f concerning the 6th modification 
As shown in drawing 14 , from both one electrode 24 and the electrode 26 of another side being formed on 
sheet metal section 12a In the both ends (edge corresponding to the back end of the edge corresponding to 
the tip of moving part 20a and 20b, and a fixed part 14) of piezo-electricity / electrostriction elements 18a and 
18b, the electrodes 24 and 26 with which polarity was mutually made into reverse will be located. 
[0139] On the other hand, in the piezo-electricity / electrostriction device 10g concerning the 7th modification, 
since only one electrode 24 is formed on sheet metal section 12a and 12b as shown in drawing 15 , in the 
both ends of piezo-electricity / electrostriction elements 18a and 18b, the electrode 24 with which polarity was 
mutually made the same will be located. The polar feature of these edges will be used combining suitably the 
circuit where piezo-electricity / electrostriction device 10g is used. 

[0140] Moreover, in the piezo-electricity / electrostriction device 10f concerning the 6th modification, although 
the amount of [ of piezo-electricity / electrostriction elements 18a and 18b ] substantial mechanical component 
is a portion with which the electrodes 24 and 26 of a pair lap, as shown in drawing 14 , it is a portion with 
which the electrodes 24 and 26 formed in each class of piezo-electricity / electrostriction layer 22 lap, and is a 
kind of the portion shown in the range C. 

[0141] The amount of [ on the other hand, / concerning the 7th modification / piezo-electricity / electrostriction 
device 10g ] substantial mechanical component The portion with which the electrodes 24 and 26 formed in 
each class of piezo-electricity / electrostriction layer 22 lap (portion shown in the range C), While was formed 
in the upper surface of the piezo-electricity / electrostriction layer 22 of a two-layer eye, and it is located in the 
moving-part 20a and 20b side rather than the edge of an electrode 24. It is two sorts of a portion (portion 
shown in the range D) with which the electrodes 24 and 26 of a pair lap through layer [ 1st ] piezo-electricity / 
the electrostriction layer 22, and the feature is in the place where the portion shown in the range D also 
serves as a driving source. 

[0142] Next, some manufacture methods of of the piezo-electricity / electrostriction device 10 concerning the 
gestalt of this operation are explained, referring to drawing 16 - drawing 40 . 

[0143] The piezo-electricity / electrostriction device 10 concerning the gestalt of this operation The component 
of each part material is used as the ceramics. As a component of piezo-electricity / electrostriction device 10 
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The base 12a and 16 12b except piezo-electricity / electrostriction elements 18a and 18b, i.e., the sheet metal 
sections, It Is desirable to use and manufacture a ceramic green sheet laminated layers method about moving 
part 20a and 20b in fixed part 14 list, and, on the other hand, it makes the start piezo-electricity / 
electrostriction elements 18a and 18b. About each terminals 28 and 30, it is desirable to manufacture using 
the film formation technique, such as a thin film and a thick film. 

[0144] According to the ceramic green sheet laminated layers method which can fabricate each part material 
in the base 16 of piezo-electricity / electrostriction device 10 in one, since the change of state of the joint of 
each part material with time hardly arises, the reliability like a joint is a high and method advantageous to rigid 
reservation. 

[0145] the piezo-electricity / electrostriction device 10 concerning the gestalt of this operation - the boundary 
partial (part for joint) list of the sheet metal sections 12a and 12b and a fixed part 14 - the boundary portion (a 
part for a joint) of the sheet metal sections 12a and 12b and moving part 20a and 20b - displacement - since 
it becomes the supporting point of a manifestation, the reliability for a joint is the important point which 
influences the property of piezo-electricity / electrostriction device 10. 

[0146] since [ moreover, ] the manufacture method shown below is excellent in productivity or a moldability - 
the piezo-electricity / electrostriction device 10 of a predetermined configuration - a short time - and it can 
obtain with sufficient repeatability. 

[0147] Hereafter, the 1st manufacture method of of the piezo-electricity / electrostriction device 10 concretely 
applied to the gestalt of this operation is explained. Here, the definition is carried out. The layered product 
obtained by carrying out the laminating of the ceramic green sheet is defined as the ceramic green layered 
product 58 (for example, refer to drawing 17 ). What calcinated this ceramic green layered product 58, and 
was unified is defined as the ceramic layered product 60 (for example, refer to drawing 18 ). The thing which 
excises an unnecessary portion from this ceramic layered product 60 and by which the fixed part 14 was 
united with moving part 20a and 20b, sheet metal section 12a, and 12b list is defined as ceramic base 16C 
(refer to drawing 19 ). 

[0148] Moreover, in this 1st manufacture method, it is the gestalt which has arranged two or more piezo- 
electricity / electrostriction devices 10 in the lengthwise direction and the longitudinal direction in the same 
substrate, respectively, and, finally the ceramic layered product 60 is cut per chip, and although many piezo- 
electricity / electrostriction devices 10 are taken and are carried out at the same production process, in order 
to simplify explanation, it explains by making one - piece picking of piezo-electricity / electrostriction device 10 
into a subject. 

[0149] First, addition mixing of a binder, a solvent, a dispersant, the plasticizer, etc. is carried out at ceramic 
powder, such as a zirconia, a slurry is produced, and the ceramic green sheet which has predetermined 
thickness for this by methods, such as the reverse roll coater method and a doctor blade method, after 
degassing processing is produced. 

[0150] Next, by methods using metal mold, such as blanking and laser beam machining, a ceramic green 
sheet is processed into various configurations like drawing 16 , and the ceramic green sheets 50A-50I for 
base formation of two or more sheets, and 52 A and 52B are obtained. 

[0151] These ceramic green sheets 50A-50I, and 52A and 52B have the ceramic green sheets 50A-50I of two 
or more sheets (for example, nine sheets) with which the window part 54 for forming space between sheet 
metal section 12a and 12b at least was formed, and the ceramic green sheets 52A and 52B of two or more 
sheets (for example, two sheets) which serve as the sheet metal sections 12a and 12b behind. In addition, the 
number of sheets of a ceramic green sheet is an example to the last. 

[0152] Then, as shown in drawing 17 , as the ceramic green sheets 50A-50I are put with the ceramic green 
sheets 52A and 52B, a laminating and after being stuck by pressure and considering as the ceramic green 
layered product 58, this ceramic green layered product 58 is calcinated for these ceramic green sheets 50A- 
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501, and 52A and 52B, and the ceramic layered product 60 (refer to drawing 18 ) is obtained. 
[0153] In addition, the count of sticking by pressure or sequence for laminating unification are not limited. It 
can be decided suitably that desired structure is acquired by the configuration of a window part 54, the 
number of sheets of a ceramic green sheet, etc., corresponding to structure. 

[0154] Not all the configurations of a window part 54 need to be the same, and can be determined according 
to a desired function. Moreover, the number of sheets of a ceramic green sheet and especially the thickness 
of each ceramic green sheet are not limited, either. 

[0155] Sticking by pressure can raise laminating nature more by applying heat. Moreover, the laminating 
nature of a ceramic green sheet interface can be raised by applying and printing a paste, a slurry, etc. which 
made the subject ceramic powder (desirable in respect of the same as that of the ceramics used for the 
ceramic green sheet, or the reliability reservation by it being a similar presentation), and a binder on a ceramic 
green sheet, and considering as a cementation auxiliary layer. In addition, it is desirable to deal with it using 
the polyethylene terephthalate film with which the ceramic green sheets 52A and 52B coated the surface with 
the release agent of a silicone system also in plastic film when thin. 

[0156] Next, as shown in drawing 18 , piezo-electricity / electrostriction elements 18a and 18b are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively. As a method of 
forming piezo-electricity / electrostriction elements 18a and 18b, the thin film forming methods, such as the 
thick-film forming methods, such as screen printing, a dipping method, the applying method, and an 
electrophoresis method, the ion beam method and the sputtering method, vacuum deposition, the ion plating 
method, a chemical-vapor-deposition method (CVD), and plating, can be used. 

[0157] Integration can be made easy, while being able to join and arrange piezo-electricity / electrostriction 
elements 18a and 18b, and the sheet metal sections 12a and 12b in one and being able to secure reliability 
and repeatability, without using adhesives by forming piezo-electricity / electrostriction elements 18a and 18b 
using such a film forming method. 

[0158] In this case, it is desirable to form piezo-electricity / electrostriction elements 18a and 18b by the thick- 
film forming method. It is because good piezo-electricity / electrostriction property can be acquired by being 
able to film-ize the particle of 0.05-3-micrometer electrostrictive ceramics, and powder the mean particle 
diameter of 0.01-5 micrometers using the paste used as a principal component, a slurry or a suspension, an 
emulsion, a sol, etc. preferably, and calcinating it if the thick-film forming method is especially used in 
formation of piezo-electricity / electrostriction layer 22. 

[0159] In addition, an electrophoresis method has the advantage that it is high density and a film can be 
formed in a high configuration precision. Moreover, since film formation and pattern formation are made as for 
screen printing to coincidence, it is advantageous to simplification of a manufacturing process. 
[0160] Concretely, formation of piezo-electricity / electrostriction elements 18a and 18b is explained. First, the 
ceramic green layered product 58 is calcinated at the temperature of 1200 degrees C - 1600 degrees C. After 
unifying and obtaining the ceramic layered product 60, one [ of the sheet metal sections 12a and 12b ] 1st 
electrode 24 is printed and calcinated in the predetermined location of both the surfaces of this ceramic 
layered product 60. Subsequently Print and calcinate piezo-electricity / electrostriction layer 22, and one 
[ said ] 1st electrode 24 and the electrode 26 of another side which makes a pair are printed further. It 
calcinates, and these are repeated the number of predetermined times (when piezo-electricity / electrostriction 
elements 18a and 18b consist of multilayer piezo-electricity / electrostriction layer 22), and piezo-electricity / 
electrostriction elements 18a and 18b are formed. Then, the terminals 28 and 30 for connecting each 
electrodes 24 and 26 to a drive circuit electrically are printed and calcinated. 

[0161] Moreover, one [ of the lowest layer ] 1st electrode 24 is printed and calcinated, piezo-electricity / 
electrostriction layer 22, one 1st electrode 24, and the electrode 26 of the 1st another side which makes a pair 
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are printed and calcinated, only the count of predetermined may repeat printing and baking in this unit, and 
piezo-electricity / electrostriction elements 18a and 18b may be formed. 

[0162] here - as one electrode 24 - as platinum (Pt) piezo-electricity / electrostriction layer 22 - as PZT 
(PZT) and the electrode 26 of another side - gold (Au) - further - as terminals 28 and 30 - silver (Ag) - as - 
If a material is selected so that the burning temperature of each part material may become low according to 
the order of a laminating, in a certain baking phase, resintering of the material calcinated from it before does 
not happen, but generating of the fault of exfoliation and condensation of electrode material etc. can be 
avoided. 

[0163] In addition, by choosing a suitable material, each part material and terminals 28 and 30 of piezo- 
electricity / electrostriction elements 18a and 18b are printed serially, really calcinating at once is also 
possible, and after forming the piezo-electricity / electrostriction layer 22 of the outermost layer, the electrode 
26 grade of the outermost layer can also be prepared at low temperature. 

[0164] Moreover, each part material and terminals 28 and 30 of piezo-electricity / electrostriction elements 
18a and 18b may be formed by the thin film forming methods, such as a spatter and vacuum deposition, and 
do not necessarily need heat treatment in this case. 

[0165] In formation of piezo-electricity / electrostriction elements 18a and 18b, piezo-electricity / 
electrostriction elements 18a and 18b are beforehand formed in both the surfaces of the ceramic green 
layered product 58, i.e., each surface of the ceramic green sheets 52A and 52B, and calcinating this ceramic 
green layered product 58, and the piezo-electricity / electrostriction elements 18a and 18b to coincidence is 
also performed preferably. If in charge of coincidence baking, it may be made to calcinate to all the 
configuration films of the ceramic green layered product 58, and the piezo-electricity / electrostriction 
elements 18a and 18b, and coincidence baking of one electrode 24 and ceramic green layered product 58 is 
carried out, or the method of carrying out coincidence baking of other configuration films and ceramic green 
layered products 58 except the electrode 26 of another side etc. is mentioned. 

[0166] As a method of carrying out coincidence baking of piezo-electricity / electrostriction elements 18a and 
18b, and the ceramic green layered product 58 The precursor of piezo-electricity / electrostriction layer 22 is 
fabricated by the tape-forming method using a slurry raw material etc. The laminating of the precursor of the 
piezo-electricity / electrostriction layer 22 before this baking is carried out by thermocompression bonding etc. 
on the surface of the ceramic green layered product 58, and the method of calcinating to coincidence and 
producing moving part 20a and 20b, the sheet metal sections 12a and 12b, the piezo-electricity / 
electrostriction layer 22, and a fixed part 14 to coincidence is mentioned. However, it is necessary to form an 
electrode 24 in the surface of the ceramic green layered product 58, and/or the piezo-electricity / 
electrostriction layer 22 beforehand by this method using the film forming method mentioned above. 
[0167] As the other methods, the electrodes 24 and 26, and the piezo-electricity / electrostriction layer 22 
which is each configuration layer of piezo-electricity / electrostriction elements 18a and 18b is formed in the 
portion of the ceramic green layered product 58 which finally serves as the sheet metal sections 12a and 12b 
at least by screen-stencil, and calcinating to coincidence is mentioned. 

[0168] Although the burning temperature of the configuration film of piezo-electricity / electrostriction elements 
18a and 18b is suitably determined by the material which constitutes this, generally, it is 500 degrees C - 
1500 degrees C, and is 1000 degrees C - 1400 degrees C preferably to piezo-electricity / electrostriction layer 
22. In this case, in order to control the presentation of piezo-electricity / electrostriction layer 22, it is desirable 
to sinter under existence of the evaporation source of the material of piezo-electricity / electrostriction layer 
22. In addition, to carry out coincidence baking of piezo-electricity / electrostriction layer 22, and the ceramic 
green layered product 58, it is required to double both baking conditions, that by which piezo-electricity / 
electrostriction elements 18a and 18b are not necessarily formed in both sides of the ceramic layered product 
60 or the ceramic green layered product 58 - it is not - one side - it is easy to be natural. 
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[0169] Next, an unnecessary portion is excised among the ceramic layered products 60 in which piezo- 
electricity / electrostriction elements 18a and 18b were formed as mentioned above. The locations to excise 
are the flank of the ceramic layered product 60, and a part (a cutting plane line C1 and C2 reference) where 
the pore 42 by the window part 54 is especially formed in the side of the ceramic layered product 60 of this 
excision. 

[0170] Subsequently, as shown in drawing 19 , core part 20c of the portion which serves as moving part 20a 
and 20b is cut and removed along with cutting plane lines C3 and C4, and the piezo-electricity / 
electrostriction device 10 with which piezo-electricity / electrostriction elements 18a and 18b were formed in 
ceramic base 16C by which the fixed part 14 was united with moving part 20a and 20b, sheet metal section 
12a, and 12b list are produced. As the method of excision, it is possible to apply laser beam machining and 
electron beam machining of dicing processing, wire saw processing, etc., such as an YAG laser besides 
machining and excimer laser. 

[0171] Moreover, it will be processed into logging of ceramic base 16C combining these processing methods. 
For example, as for cutting plane lines C1 and C2 (refer to drawing 18 ), it is desirable to consider as wire saw 
processing and to consider the end faces 34a and 34b of the fixed part 14 which intersects perpendicularly 
with cutting plane lines C1 and C2, and moving part 20a and 20b as dicing processing. 
[0172] By the way, it sets to the 1st manufacture method of of above-mentioned piezo-electricity / 
electrostriction device 10. Since he is trying to really form piezo-electricity / electrostriction elements 18a and 
18b on sheet metal section 12a and 12b by baking, As shown in drawing 20 A, in the contraction of piezo- 
electricity / electrostriction layer 22 and the electrodes 24 and 26 of a pair which are produced at the time of 
baking, and piezo-electricity / electrostriction layer 22 list by the difference in coefficient of thermal expansion 
with the sheet metal sections 12a and 12b etc. In sheet metal section 12a and 12b list, for example, piezo- 
electricity / electrostriction elements 18a and 18b It displaces slightly so that it may become a convex toward 
a pore 42, and it will be in the condition that distortion arose geometrically, and will become easy to generate 
internal residual stress in piezo-electricity / electrostriction elements 18a and 18b (especially piezo-electricity / 
electrostriction layer 22), or the sheet metal sections 12a and 12b. 

[0173] Generating of the internal residual stress in these sheet metal sections 12a and 12b, or the piezo- 
electricity / electrostriction layer 22 is produced also when really which was mentioned above sticking the 
piezo-electricity / electrostriction elements 18a and 18b of another object on the sheet metal sections 12a and 
12b besides baking with adhesives. That is, in case adhesives are fixed or hardened, internal residual stress 
will occur by hardening contraction of adhesives etc. in the sheet metal sections 12a and 12b, or the piezo- 
electricity / electrostriction layer 22. Furthermore, when heating is required, internal residual stress becomes 
the immobilization or hardening with a big thing. 

[0174] If piezo-electricity / electrostriction device 10 is used in this condition, even if it gives predetermined 
electric field to piezo-electricity / electrostriction layer 22, desired displacement may not be shown in moving 
part 20a and 20b. This is because the material property of piezo-electricity / electrostriction layer 22 and 
displacement actuation of moving part 20a and 20b are checked by the internal residual stress generated in 
said sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22. 
[01 75] Then, he is trying only for the predetermined width of face W1 (for example, 100 micrometers) to 
excise core part 20c of moving part 20a and 20b by this 1st manufacture method, as shown in drawing 20 A. 
Although the end faces 34a and 34b which counter mutually are formed in moving part 20a and 20b of 
excision of this core part 20c as shown in drawing 20 B With the internal residual stress generated in the 
sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22, it moves in the direction in 
which these end faces 34a and 34b approach mutually, and the width of face of each end faces 34a and 34b 
after migration turns into the 2nd short predetermined width of face W2 (for example, 30 micrometers) from 
said predetermined width of face W1 . As for the 2nd predetermined width of face W2, the direction of a tip will 
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become shorter if it explains in full detail more. 

[0176] Migration of these end faces 34a and 34b is followed on release of the internal residual stress 
generated in the sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction layer 22. Where 
internal residual stress is released, when piezo-electricity / electrostriction device 10 is used, moving part 20a 
and 20b will show the displacement actuation as layout mostly, and will show a good device property. As this 
effect excises a part of portion used as a fixed part 14, for example, shows it to drawing 1 1 When the end 
faces 34a and 34b which counter a fixed part 14 mutually are formed, are the same. In this case The internal 
residual stress generated in the sheet metal sections 12a and 12b, or the piezo-electricity / electrostriction 
layer 22 will be released by migration of the end faces 34a and 34b which were formed in the fixed part 14 
and which counter mutually. In addition, about the end faces 34a and 34b which counter, the same effect is 
not necessarily acquired not only excision for a core of moving part 20a and 20b or a fixed part 14 but by 
excising and forming the portion which swerved from the center. 

[0177] It is desirable to heat-treat at 300 degrees C - 800 degrees C after excision in excision shown in 
drawing 18 or excision shown in drawing 19 . This is because said defect can be removed and reliability 
improves by said heat treatment, although it is easy to produce defects, such as a micro crack, in piezo- 
electricity / electrostriction device 10 by processing. Furthermore, it is desirable to leave it at the temperature 
of about 80 degrees C after said heat treatment for about at least 10 hours, and to perform aging processing. 
It is because the stress of the carrier beam versatility in a manufacture process etc. can be eased further and 
it contributes to improvement in a property by this aging processing. 

[0178] Next, it explains, referring to drawing 21 - drawing 24 about the 2nd manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 for forming space between sheet metal section 12a and 12b at least was formed as shown in drawing 21 , 
The ceramic green sheets 102A-102G of two or more sheets (for example, seven sheets) with which 
continuation formation of the window part 100 for forming the window part 54 for forming space between 
sheet metal section 12a and 12b and the moving part 20a and 20b which has the end faces 34a and 34b 
which counter mutually was carried out, The ceramic green sheets 52A and 52B of two or more sheets (for 
example, two sheets) used as the sheet metal sections 12a and 12b are prepared for behind. 
[0179] Then, as are shown in drawing 22 , and 102A-102G are put between ceramic green sheet 50A - 50D 
list with the ceramic green sheets 52A and 52B, the laminating and sticking by pressure of 102A-102G are 
done, and it considers as the ceramic green layered product 58 at these ceramic green sheets 50A-50D, 52A, 
and 52B list. In this laminating, the ceramic green sheets 102A-102G are located in the center, and carry out 
a laminating. Since the part which does not require a pressure at the time of sticking by pressure occurs by 
existence of a window part 100 at this time, a laminating, the sequence of sticking by pressure, etc. are 
changed and it is necessary to make it such a part not generated. This is the same also by the 3rd and 4th 
manufacture methods mentioned later. Then, the ceramic green layered product 58 is calcinated and the 
ceramic layered product 60 (refer to drawing 23 ) is obtained. 

[0180] Next, the piezo-electricity / electrostriction elements 18a and 18b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 18a and 18b are made to unite with the ceramic layered product 60 by 
baking, as shown in drawing 23 . Of course, piezo-electricity / electrostriction element 10 may be formed only 
on the surface of one side. This is the same also by the 3rd and 4th manufacture methods mentioned later. 
[0181] Next, the flank and point of the ceramic layered product 60 are excised by cutting along with cutting 
plane lines C1, C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 18a and 18b were formed. By this excision, as shown in drawing 24 , the piezo-electricity / 
electrostriction device 10 with which piezo-electricity / electrostriction elements 18a and 18b were formed in 
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ceramic base 16C, and the moving part 20a and 20b which has the end faces 34a and 34b which counter 
mutually was formed are obtained. After cutting the timing of cutting along with cutting plane lines C1 and C2, 
it may be cut along with a cutting plane line C5, and after cutting along with a cutting plane line C5, it may be 
cut along with cutting plane lines C1 and C2. Of course, it may be made to perform these cutting to 
coincidence. Moreover, you may make it also cut suitably the end face of a cutting plane line C5 and the fixed 
part 14 which counters. 

[0182] In this 2nd manufacture method, at the same time it excised the unnecessary portion from the ceramic 
layered product 60 Since the piezo-electricity / electrostriction device 10 with which piezo-electricity / 
electrostriction elements 18a and 18b were formed in ceramic base 16C, and the moving part 20a and 20b 
which has the end faces 34a and 34b which counter mutually was formed can be obtained, While being able 
to attain simplification of a manufacturing process, the yield of piezo-electricity / electrostriction device 10 can 
be raised. In this case, it is desirable, especially in case two or more piezo-electricity / electrostriction devices 
10 are arranged in a lengthwise direction and a longitudinal direction, respectively, and a large number are 
taken and it carries out at the same production process into the same substrate. Compared with the 1st 
manufacture method, it is because it is easy to process much formation of end faces 34a and 34b at the same 
production process. 

[0183] Next, it explains, referring to drawing 25 - drawing 28 about the 3rd manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 for forming space between sheet metal section 12a and 12b at least was formed as shown in drawing 25 , 
Continuation formation of the window part 104 for forming partial 20D (referring to drawing 28 ) which serves 
as the moving part 20a and 20b where the end faces 34a and 34b which counter mutually were connected 
with the window part 54 for forming space between sheet metal section 12a and 12b in part is carried out. a 
window part 54 ~ going - a part - flare appearance - the ceramic green sheets 108A-108G of two or more 
sheets (for example, seven sheets) with which the overhang section 106 was formed the bottom, and the 
ceramic green sheets 52A and 52B of two or more sheets (for example, two sheets) which serve as the sheet 
metal sections 12a and 12b behind are prepared. 

[0184] Then, as shown in drawing 26 , as the ceramic green sheets 50A-50D, and 108A-108G are put with 
the ceramic green sheets 52A and 52B, the laminating and sticking by pressure of these ceramic green 
sheets 50A-50D, 52A, and 52B, 108A-108G are done, and it considers as the ceramic green layered product 
58. In this laminating, the ceramic green sheets 108A-108G are located in the center, and carry out a 
laminating. Then, the ceramic green layered product 58 is calcinated and the ceramic layered product 60 
(refer to drawing 27 ) is obtained. 

[0185] Next, the piezo-electricity / electrostriction elements 18a and 18b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 18a and 18b are made to unite with the ceramic layered product 60 by 
baking, as shown in drawing 27 . 

[0186] Next, the flank and point of the ceramic layered product 60 are excised by cutting along with cutting 
plane lines C1, C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 18a and 18b were formed. Although piezo-electricity / electrostriction elements 18a and 18b are 
formed by this excision at a fixed part 14, sheet metal section 12a, and 12b list as shown in drawing 28 , 
partial 20D which serves as moving part 20a and 20b is in the condition that the end faces 34a and 34b which 
counter mutually were connected in part by the overhang section 106. 

[0187] Next, said overhang section 106 which has connected in part the end faces 34a and 34b which counter 
mutually is excised, and the piezo-electricity / electrostriction device 10 with which piezo-electricity / 
electrostriction elements 18a and 18b were formed in ceramic base 16C by which the fixed part 14 was united 
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with moving part 20a and 20b, sheet metal section 12a, and 12b list are produced. 
[0188] In this 3rd manufacture method, in a culmination, since what is necessary is just to excise the thin 
overhang section 106 which has connected in part the end faces 34a and 34b which counter mutually, while 
being able to excise simply and certainly and being able to attain simplification of a manufacturing process, 
the yield of piezo-electricity / electrostriction device 10 can be raised. 

[0189] Next, it explains, referring to drawing 29 - drawing 32 about the 4th manufacture method. First, the 
ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the window part 
54 for forming space between sheet metal section 12a and 12b at least was formed as shown in drawing 29 , 
The window part 104 for forming partial 20D (referring to drawing 32 ) which serves as the moving part 20a 
and 20b where the end faces 34a and 34b which counter mutually were connected with the window part 54 
for forming space between sheet metal section 12a and 12b in part is formed, a window part 54 and a window 
part 1 04 are separated - as - a crosspiece - the ceramic green sheets 1 14A-1 14G of two or more sheets 
(for example, seven sheets) with which the section 112 was formed, and the ceramic green sheets 52A and 
52B of two or more sheets (for example, two sheets) which serve as the sheet metal sections 12a and 12b 
behind are prepared. 

[0190] Then, as shown in drawing 30 , as the ceramic green sheets 50A-50D, and 1 14A-1 14G are put with 
the ceramic green sheets 52A and 52B, the laminating and sticking by pressure of these ceramic green 
sheets 50A-50D, 52A, and 52B, 1 14A-1 14G are done, and it considers as the ceramic green layered product 
58. In this laminating, the ceramic green sheets 1 14A-1 14G are located in the center, and carry out a 
laminating. Then, the ceramic green layered product 58 is calcinated and the ceramic layered product 60 
(refer to drawing 31 ) is obtained. 

[0191] Next, the piezo-electricity / electrostriction elements 18a and 18b of multilayer structure are formed in 
both the surfaces of said ceramic layered product 60, i.e., the surface on which the ceramic green sheets 52A 
and 52B are equivalent to the surface by which the laminating was carried out, respectively, and piezo- 
electricity / electrostriction elements 18a and 18b are made to unite with the ceramic layered product 60 by 
baking, as shown in drawing 31 . 

[0192] Next, the flank and point of the ceramic layered product 60 are excised by cutting along with cutting 
plane lines C1 , C2, and C5 among the ceramic layered products 60 in which piezo-electricity / electrostriction 
elements 18a and 18b were formed, the end faces 34a and 34b which partial 20D which serves as moving 
part 20a and 20b counters mutually although piezo-electricity / electrostriction elements 18a and 18b are 
formed by this excision at a fixed part 14, sheet metal section 12a, and 12b list as shown in drawing 32 - a 
crosspiece - it is in the condition that the part was connected by the section 112. 

[0193] Next, said **** 112 which has connected in part the end faces 34a and 34b which counter mutually is 
excised, and the piezo-electricity / electrostriction device 10 with which piezo-electricity / electrostriction 
elements 18a and 18b were formed in ceramic base 16C by which the fixed part 14 was united with moving 
part 20a and 20b, sheet metal section 12a, and 12b list are produced. 

[0194] the crosspiece which has connected in part the end faces 34a and 34b which counter mutually in a 
culmination in this 4th manufacture method - since what is necessary is just to excise the section 112, while 
being able to excise simply and certainly and being able to attain simplification of a manufacturing process, 
the yield of piezo-electricity / electrostriction device 10 can be raised. 

[0195] Although the above-mentioned example showed the example which constituted said moving part 20a 
and 20b, a fixed part 14, and the sheet metal sections 12a and 12b from ceramic base 16C, each part can 
also consist of metallic materials. Furthermore, it can also constitute as hybrid construction which combined 
what was manufactured from the ceramics and a metaled material. In this case, in cementation between 
metallic materials, and cementation between the ceramics and a metallic material, the adhesion in organic 
resin, glass, etc., low attachment, soldering, eutectic bonding, welding, etc. can be used. 
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[0196] For example, it explains, referring to drawing 33 - drawing 40 about the manufacture method (the 5th 
and the 6th manufacture method) of of the piezo-electricity / electrostriction device of the hybrid construction 
which used moving part 20a and 20b and a fixed part 14 as the ceramics, and used the sheet metal sections 
12a and 12b as the metal (piezo-electricity / electrostriction device 10h concerning the 8th modification). 
Therefore, the metal formed by these 5th and 6th manufacture methods and the base containing the ceramics 
are described as base 16D. 

[0197] The ceramic green sheets 50A-50D of two or more sheets (for example, four sheets) with which the 
window part 54 for the 5th manufacture method to form space between sheet metal section 12a and 12b at 
least first as shown in drawing 33 was formed, Between sheet metal section 12a and 12b, space The window 
part 100 for forming the window part 54 for forming and the moving part 20a and 20b which has the end faces 
34a and 34b which counter mutually prepares the ceramic green sheets 102A-102G of two or more sheets 
(for example, seven sheets) by which continuation formation was carried out. 

[0198] Then, as shown in drawing 34 , the laminating and sticking by pressure of the ceramic green sheets 
50A-50D, and 102A-102G are done, and it considers as the ceramic green layered product 158. In this 
laminating, the ceramic green sheets 102A-102G are located in the center, and carry out a laminating. Then, 
the ceramic green layered product 158 is calcinated, and as shown in drawing 35 , the ceramic layered 
product 160 is obtained. At this time, it becomes the form where the pore 130 was formed of window parts 54 
and 100 at the ceramic layered product 160. 

[0199] Next, as shown in drawing 36 , the piezo-electricity / electrostriction elements 18a and 18b which were 
constituted as another object are pasted up on the surface of the metal plates 152A and 152B which serve as 
the sheet metal sections 12a and 12b, respectively with epoxy system adhesives. The piezo-electricity / 
electrostriction elements 18a and 18b of another object can be formed for example, with a ceramic green 
sheet laminated layers method. 

[0200] Next, as a pore 130 is closed, these metal plates 152A and 152B are pasted up on the ceramic layered 
product 160 with epoxy system adhesives, and it considers as the hybrid layered product 162 (refer to 
drawing 37 ) so that the ceramic layered product 160 may be put with metal plates 152A and 152B. 
[0201] Next, as shown in drawing 37 , the flank and point of the hybrid layered product 162 are excised by 
cutting along with cutting plane lines C1, C2, and C5 among the hybrid layered products 162 in which piezo- 
electricity / electrostriction elements 18a and 18b were formed. By this excision, as shown in drawing 38 , the 
piezo-electricity / electrostriction device 10h concerning the 8th modification in which piezo-electricity / 
electrostriction elements 18a and 18b were formed in the sheet metal sections 12a and 12b which consisted 
of metal plates among base 16D, and the moving part 20a and 20b which has the end faces 34a and 34b 
which counter mutually was formed are obtained. 

[0202] On the other hand, first, as shown in drawing 34 , the 6th manufacture method does the laminating and 
sticking by pressure of the ceramic green sheets 50A-50D, and 102A-102G, and makes them the ceramic 
green layered product 158. Then, the ceramic green layered product 158 is calcinated, and as shown in 
drawing 39 , the ceramic layered product 160 is obtained. At this time, it becomes the form where the pore 
130 by window parts 54 and 100 was formed at the ceramic layered product 160. 

[0203] Next, as shown in drawing 40 , as a pore 130 is closed, these metal plates 152A and 152B are pasted 
up on the ceramic layered product 160 with epoxy system adhesives, and it considers as the hybrid layered 
product 162 so that the ceramic layered product 160 may be put with metal plates 152A and 152B. In case 
piezo-electricity / electrostriction elements 18a and 18b are stuck on the surface of the pasted-up metal plates 
152A and 152B at this time, as shown in drawing 39 , a pore 130 is filled up with a filler 164 if needed, so that 
sufficient adhesion pressure may be put. 

[0204] Since it is finally necessary to remove a filler 164, it is easy to dissolve in a solvent etc., and it is 
desirable that it is a hard material, for example, organic resin, a wax, a low, etc. are mentioned. Moreover, the 
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material which mixed ceramic powder as a filler is also employable as organic resin, such as an acrylic. 
[0205] Next, as shown in drawing 40 , the piezo-electricity / electrostriction elements 18a and 18b which were 
formed in the surface of the metal plates 152A and 152B in the hybrid layered product 162 as another object 
are pasted up with epoxy system adhesives. The piezo-electricity / electrostriction elements 18a and 18b of 
another object can be formed for example, with a ceramic green sheet laminated layers method. 
[0206] As the rest was mentioned above, it passes through the same production process as drawing 37 and 
drawing 38 . The inside of base 16D, The piezo-electricity / electrostriction device 10h concerning the 8th 
modification in which piezo-electricity / electrostriction elements 18a and 18b were formed in the sheet metal 
sections 12a and 12b which consisted of metal plates 152A and 152B, and the moving part 20a and 20b 
which has the end faces 34a and 34b which counter mutually was formed are obtained. 
[0207] Moreover, what is necessary is to form the part equivalent to the ceramic layered product 160 in 
drawing 35 by casting, in using all base 16D as a metal, and also to carry out the laminating of the **-like 
metal and just to form by the cladding method. 

[0208] According to the piezo-electricity / the electrostriction device mentioned above, various transducers, 
various actuators, A frequency-domain functional part (filter), a transformer, the vibrator and resonator for the 
object for a communication link, or power, Others, an ultrasonic sensor, and an acceleration sensor, [ active 
elements /, such as a radiator and a discriminator, ] It can use as sensor elements for [ various ] sensors, 
such as an angular-velocity sensor, and an impact sensor, a mass sensor, and can use suitable for the 
various actuators especially used for the displacement of various precision components, such as an optical 
instrument and a precision mechanical equipment, etc., or the device of positioning adjustment and angle 
adjustment. 

[0209] In addition, the piezo-electricity / electrostriction device concerning this invention, and its manufacture 
method of the ability of various configurations to be taken are natural, without deviating not only from the 
gestalt of above-mentioned operation but from the summary of this invention. 
[0210] 

[Effect of the Invention] As explained above, according to the piezo-electricity / electrostriction device 
concerning this invention, and its manufacture method The stability of a device or the attachment nature of the 
components to moving part can be raised also in lightweight-izing of a device in the handling nature list of 
lightweight-izing of a fixed part or moving part, and a device. By this While being able to displace moving part 
greatly, can make improvement in the speed (raise in resonance frequency) of displacement actuation of 
moving part attain, moreover, are hard to be influenced of a harmful vibration, and a high-speed response is 
possible. A mechanical strength is high and can obtain the displacement element excellent in handling nature, 
shock resistance, and moisture resistance, and the sensor element which can detect vibration of moving part 
with a sufficient precision in a list. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram showing the configuration of the piezo-electricity / electrostriction 
device concerning the gestalt of this operation. 

[ Drawing 2] It is the enlarged view showing the 1st modification of piezo-electricity / electrostriction element. 
[ Drawing 3 ] It is the enlarged view showing the 2nd modification of piezo-electricity / electrostriction element. 
[ Drawing 4] It is the perspective diagram omitting and showing a part of 3rd modification of piezo-electricity / 
electrostriction element. 

[ Drawin g 5] It is the perspective diagram omitting and showing a part of 4th modification of piezo-electricity / 
electrostriction element. 

[ Drawing 6] It is the perspective diagram showing the 1st modification of the piezo-electricity / electrostriction 
device concerning the gestalt of this operation. 

[ Drawing 7] It is the perspective diagram showing the 2nd modification of the piezo-electricity / electrostriction 
device concerning the gestalt of this operation. 

[Drawing 8] In the piezo-electricity / electrostriction device concerning the 2nd modification, it is explanatory 
drawing showing the case where neither piezo-electricity nor / electrostriction element are performing 
displacement actuation. 

[ Drawin g 9] Drawing 9 A is the wave form chart showing the voltage waveform impressed to one piezo- 
electricity / electrostriction element, and drawing 9 B is the wave form chart showing the voltage waveform 
impressed to the piezo-electricity / electrostriction element of another side. 

[Drawing 101 In the piezo-electricity / electrostriction device concerning the 2nd modification, it is explanatory 
drawing showing the case where piezo-electricity / electrostriction element performs displacement actuation. 
[ Drawing 11 ] It is the perspective diagram showing the 3rd modification of the piezo-electricity / electrostriction 
device concerning the gestalt of this operation. 

[Drawing 12] It is the perspective diagram showing the 4th modification of the piezo-electricity / electrostriction 
device concerning the gestalt of this operation. 

[Drawing 13] It is the perspective diagram showing the piezo-electricity / electrostriction device concerning the 
5th modification. 

[ Drawing 14 ] It is the perspective diagram showing the piezo-electricity / electrostriction device concerning the 
6th modification. 

[ Drawing 15 ] It is the perspective diagram showing the piezo-electricity / electrostriction device concerning the 
7th modification. 

[Drawing 16] In the 1st manufacture method, it is explanatory drawing showing the laminating process of a 
required ceramic green sheet. 

[Drawing 17] In the 1st manufacture method, it is explanatory drawing showing the condition of having 
considered as the ceramic green layered product. 
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[Drawing 18] In the 1st manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 

[ Drawing 19 ] In the 1st manufacture method, it is explanatory drawing showing a process while considering as 
the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a predetermined 
cutting plane line, and is applied to the gestalt of this operation. 

[Drawing 20] Drawing 20 A is explanatory drawing showing the condition that internal residual stress has 
occurred in the sheet metal section, or piezo-electricity / electrostriction layer, and drawing 20 B is explanatory 
drawing showing the condition of having excised a part for the core of moving part. 

[Drawing 21 ] In the 2nd manufacture method, it is explanatory drawing showing the laminating process of a 
required ceramic green sheet. 

[Drawing 22] In the 2nd manufacture method, it is explanatory drawing showing the condition of having 
considered as the ceramic green layered product. 

[Drawing 23] In the 2nd manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 
[Drawing 24] In the 2nd manufacture method, it is explanatory drawing showing the condition of having 
considered as the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a 
predetermined cutting plane line, and is applied to the gestalt of this operation. 

[Drawing 25] In the 3rd manufacture method, it is explanatory drawing showing the laminating process of a 
required ceramic green sheet. 

[ Drawing 26 ] In the 3rd manufacture method, it is explanatory drawing showing the condition of having 
considered as the ceramic green layered product. 

[Drawing 27] In the 3rd manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 

[ Drawing 28] In the 3rd manufacture method, it is explanatory drawing showing a process while considering 
as the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a 
predetermined cutting plane line, and is applied to the gestalt of this operation. 

[ Drawing 29] In the 4th manufacture method, it is explanatory drawing showing the laminating process of a 
required ceramic green sheet. 

[ Drawing 30] In the 4th manufacture method, it is explanatory drawing showing the condition of having 
considered as the ceramic green layered product. 

[ Drawing 31 ] In the 4th manufacture method, after considering as the ceramic layered product which 
calcinated the ceramic green layered product, it is explanatory drawing showing the condition of having 
formed piezo-electricity / electrostriction element in this ceramic layered product. 

[Drawing 32] In the 4th manufacture method, it is explanatory drawing showing a process while considering as 
the piezo-electricity / electrostriction device which cuts a ceramic layered product along with a predetermined 
cutting plane line, and is applied to the gestalt of this operation. 

[ Drawing 33 ] In the 5th manufacture method, it is explanatory drawing showing the laminating process of a 
required ceramic green sheet. 

[Drawing 34] In the 5th manufacture method, it is explanatory drawing showing the condition of having 
considered as the ceramic green layered product. 

[ Drawing 35] In the 5th manufacture method, it is explanatory drawing showing the condition of having 
calcinated the ceramic green layered product and having considered as the ceramic layered product. 
[Drawing 36] In the 5th manufacture method, it is explanatory drawing showing the condition of having pasted 
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up the piezoelectricity / electrostriction element constituted as another object on the surface of the metal 
plate which serves as the sheet metal section, respectively. 

[Drawing 37] In the 5th manufacture method, it is explanatory drawing showing the condition of having pasted 
up the metal plate on the ceramic layered product, and having considered as the hybrid layered product. 
[ Drawing 38 ] In the 5th manufacture method, it is explanatory drawing showing the condition of having 
produced the piezo-electricity / electrostriction device which cuts a hybrid layered product along with a 
predetermined cutting plane line, and is applied to the 8th modification. 

[Drawing 39] In the 6th manufacture method, after calcinating a ceramic green layered product and 
considering as a ceramic layered product, it is explanatory drawing showing the condition of having filled up 
the pore with the filler. 

[ Drawing 40] In the 6th manufacture method, it is explanatory drawing showing the condition of having pasted 
up the metal plate which serves as the sheet metal section, respectively on the ceramic layered product, and 
having considered as the hybrid layered product. 

[Drawing 41] It is the block diagram showing the piezo-electricity / electrostriction device concerning the 
conventional example. 
[Description of Notations] 

10, 10a-10h - Piezo-electricity / electrostriction device 
12a, 12b - Sheet metal section 14 - Fixed part 

18a, 18b - Piezo-electricity / electrostriction element 19a, 19b - Actuator section 

20a, 20b - Moving part 22 - Piezo-electricity / electrostriction layer 

24 26 - Electrode of a pair 36 - Opening 

37, 37A-37C - Spacing member 38 - Adhesives 

50A-50I, 52A, 52B, 102A-102G, 108A-108G, 114A-114G - Ceramic green sheet 

58,158 - Ceramic green layered product 

60,160 - Ceramic layered product 106 - Overhang section 

1 12 -- a crosspiece - the section 152A and 152B- metal plate 

162 - Hybrid layered product 
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